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Expert Training on Steam System Optimisation
21 - 22 March 2024
Adonis Hotel — 55 Quang Trung, Nguyen Du ward, Hai Ba Trung dist., Ha Noi

Day 1: 21 March 2024

Time Contents Speakers

8.00-8.30 Registration and welcome

8.30-8.40 Participants Introduction Representative of UNIDO
Project Office

8.40-8.50 Opening speech Representative of the
Project Management
Board

8.50-9.00 Introduction of Trainers Mr. Riyaz Papar
Mr. Nguyen Xuan Quang

9.00-10.30 Section 1: Fundamentals Mr. Riyaz Papar

- Introduction to “Systems Approach” Mr. Nguyen Xuan Quang

- Review of steam system fundamentals —
thermodynamics

10.30-10.45 Tea break
10.45-12.00 Section 2: Steam System Scoping Tool (SSST) Mr. Riyaz Papar
- Steam System Optimization Opportunities Mr. Nguyen Xuan Quang
- SSST
- Hands-On Exercise on SSST
12.00-13.15 Lunch at the Hotel
13.15-15.15 Section 3: US DOE MEASUR tool Mr. Riyaz Papar
- Overview of US DOE MEASUR Mr. Nguyen Xuan Quang

- MEASUR Calculators/ Assessments

- 3-header Student Hands-On Exercise
15.15-15.30 Tea break

15.30-17.00 Section 4: US DOE MEASUR tool (continued) Mr. Riyaz Papar

- Fundamentals of Turbines Mr. Nguyen Xuan Quang

- Modeling Backpressure/ Condensing Turbines in
MEASUR

- Hands-On Student Exercise
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Day 2: 22 March 2024

Time Contents Speakers
8.00-8.30 Registration and welcome
8.30-9.50 - Question / Answers Mr. Riyaz Papar
- Review of Day 1 Mr. Nguyen Xuan Quang

8.50-10.15 Section 5: SSO — Generation Area Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
10.15-10.30 Tea break
10.30-11.15 Section 6: SSO — Distribution Area Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
11.15-12.00 Section 7: SSO — EndUse Area Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
12.00-13.15 Lunch at the Hotel
13.15-14.15 Section 8: SSO — Condensate Recovery Area Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
14.15-15.15 Section 9: SSO — Cogeneration Area Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
15.15-15.30 Tea break
15.30-15.45 Section 9: SSO — Cogeneration Area Mr. Riyaz Papar
15.45-16.15 Wrap-Up Mr. Riyaz Papar

Mr. Nguyen Xuan Quang
16.15-16.45 Course Evaluation & Feedback Mr. Riyaz Papar
16.45-17.00 Closing remarks Representative of UNIDO

Project Office
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Industrial Steam System Optimization (SSO) - 2-Day End-User Training

Developed by:

Riyaz Papar, P.E., CEM, Fellow - ASME, ASHRAE; C2A Sustainable Solutions, USA
Greg Harrell, Ph.D., P.E.; Energy Management Services, USA
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Riyaz Papar, P.E., CEM, Fellow — ASME, ASHRAE

Education:

= M.S. (Mechanical Engineering), University of Maryland, College Park

*  B.Tech. (Mechanical Engineering), Indian Institute of Technology, Mumbai
Professional Experience:

= CED, C2A Sustainable Solutions, USA
*  Industrial Thermal System Optimization, Sustainability & Decarbonization

*  Other Past Employers - Hudsan Technologies Company, Enron Energy Services, Lawrence Berkeley National
Laboratory, Energy Concepts Company (all in USA)

Other Qualifications & Affiliations:
*  US DOE Steam & Process Cooling BestPractices Lead Instructor & Technical Advisor
*  US DOE Steam Energy Expert
*  UNIDO Energy Expert — Steam, Refrigeration & Chillers and Waste Heat Recovery
*  Chair, ASME Process Industries Division, 2003-04
*  Chair, ASHRAE Technical Committee 8.2: Centrifugal Machines, 2009-10
*  Chair, ASHRAE Technical Committee 1.10: Cogeneration Systems, 2010-11
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Contact Information

Riyaz Papar

CEOQ; C2A Sustainable Solutions, LLC
Phone: (346) 610 8787

E-mail: rapapar@c2asustainable.com
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Training Objectives

* Help industry assess steam systems and achieve energy and cost
savings through
* Proper operation and controls
* System maintenance
= Appropriate process uses of steam
* Cogeneration and
* Application of state-of-the-art technologies

* Introduce and demonstrate the functionality of US DOE publicly
available steam system optimization assessment software tools
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General Summary

* The 2-Day End-User training begins by defining the Systems Approach
and how it applies for optimizing an industrial and/or institutional
steam system

* The training covers the operation of typical industrial steam systems
that include
* Generation
* Distribution
* End-uses / Combined Heat & Power and
* Condensate recovery

Section_1_6
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General Summary

* The training identifies performance improvement opportunities that
lead to the optimization of the overall steam system

* The workshop discusses methods of system efficiency improvements,
methodologies for quantifying energy and cost savings from these
improvements, aspects of implementation and continuous
improvement programs

Section_1_7

& ugm ®
" Gateway-

i (TED NATORS
mu.smmmz e Bl i NUETRA SEVELOPVENT CRGANZATON

General Summary

* Demonstration and hands-on functionality and use of the US DOE’s Steam
BestPractices Program. These include:
* Steam System Scoping Tool (S55T)
*  US DOE MEASUR (MEASUR)
*  3E-Plus insulation appraisal software

» Software tools are free and available for download from the websites as well as
online usage

* Field examples and applications of using these software tools in an industrial
steam system energy assessment

Section_1_8
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Training — Outline Day 1

* Laptop setup for all attendees — software tools and program files
* Presentation on the UNIDO Industrial Energy Efficiency Project

* Introduction to “Systems Approach”

* Review of steam system fundamentals — thermodynamics

* Review of the US DOE Steam System Scoping Tool (SSST)

* Student Exercise — Evaluation of an industrial plant steam system using the SSST
and identifying energy savings areas

* Coffee / Tea Break

Section_1_9
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Training — Outline Day 1

Example Steam system

* Identification of impact boiler — example from industrial plant

* Steam Cost Indicator

* Review of the US DOE’s Manufacturing Energy Assessment Software for Utility
Reduction (MEASUR) Tool

= MEASUR Calculators

Section_1_10




Training — Outline
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Day 1
Building a steam system Model in MEASUR
Calculation of boiler efficiency using field measurements
Boiler Losses
«  Shell Loss
Blowdown Loss

*  Stack Loss

Lunch Break
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Day 1

Complete building a steam system Model in MEASUR
Marginal Steam Cost Discussion / Comparison

Coffee / Tea Break

Fundamentals of Turbines

Modeling Backpressure Turbines in MEASUR
Modeling Condensing Turbines in MEASUR

Review of final model

Adjourn
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Training — Outline Day 2

* Review Day 1 material
* Questions and Answers on material covered on Day 1

* Steam System Optimization — Generation Area
= Boiler Efficiency Improvement
*  Blowdown Management
* Blowdown Energy Recovery
*  Feedwater Economizers / Combustion AirPreheaters
= Excess Air Control
¢ Fuel Switching

* Hands-On Student Exercises

= Coffee / Tea Break

Section_1_13
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» Steam System Optimization — Distribution Area
= Steam Leaks
* Heat Transfer Loss Through Insulation

* 3E Plus Insulation Evaluation Software

*  Steam System Optimization — End-Use Area
= Steam Demand (End Use)

*  MEASUR Steam Demand Savings Projects

* Lunch Break

Section_1_14
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Training — Outline Day 2 (cont.)

* Steam System Optimization — Condensate Recovery Area
= Steam Trap Management Program
* Evaluation of Condensate Recovery Systems
» Condensate Flash Tanks
= Condensate Tank Vents

* Student Exercise — Complete examples on condensate recovery and
condensate flash steam recovery using the MEASUR software tool

Section_1_15

& ugm ®
" Gateway-

i (TED NATORS
mu.smmmz e Bl i NUETRA SEVELOPVENT CRGANZATON

Training — Outline Day 2 (cont.)

Steam System Optimization — Combined Heat & Power Area
* BackPressure Turbine — PRV Operations

*  MEASUR Turbine Projects Economics

* Condensing Turbine Impacts

*  MEASUR Condensing Turbine Projects

Coffee / Tea Break

Conclusions

Tools & Resources

Section_1_16
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Personal Goals

* Introduction of attendees
* Any major issues or concerns as regards the course material, timeline, etc.

* l|dentification of possible areas which need more in-depth coverage based
on the interests of the attendees

Section_1_17
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Overview:
¢ Overall Energy Usage
e Steam Energy Usage
e The Systems Approach
e Steam System Optimization (SSO)

Section_1_18
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1 quad Btu = 1.055 EJ

Source: US DOE EIA; International
Energy Agency
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Vietnam Energy Production — Consumption

* Vietnam imports — Coal, Natural gas, Petroleum and other liquid fuels
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Production: 2.56 quad Btu

Consumption: quad Btu

Section_1_21 Source: International Energy Agency Data - 2019
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Electro-chemical, | _.__;___:_JOther,A%i ; g
L Typical Industrial Plant
7,__..._-_;-_::-'--'-"" | Facilities, 8% <
Process —— - Energy Consumption
Cooling, 1%|
Motor Note: Does not include off-site
Systems, losses
12%
Source: DOE/EIA Monthly Energy
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Heating, |
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e Petrochemicals

¢ Petroleum Refining

* Forest Products (Pulp & Paper)
* Food & Beverage

* Plastics
* Rubber
= Textiles

* Pharmaceuticals
* Manufacturing Assembly

Section_1_23
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Medium Steam Users

* Large commercial heating
¢ Breweries

¢ Laundries

* Bakeries

* Cooking

* Metal Fabrication

+ large chiller systems

Small Steam Users

* Electronics
* Paint booths
* Humidification systems

Section_1_24
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Why Use Steam?

* Extremely efficient as a heating source — constant temperature, highest heat
transfer (condensing) coefficients

* Extremely cost effective to distribute to point-of-use
* Can be controlled very accurately

» Avery flexible energy transfer medium — can be used for process heating as well
as power generation

* Technology and applications are tried and proven at large as well as small-scale

* Significant system benefits!

Section_1_25
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The Systems Approach

* Key to cost-effective plant utility system operations and maintenance

= Pay attention to the system as a whole, not just to individual pieces of
equipment

* Analyze both the supply and demand sides of systems and how they interact
* Most industrial systems will need a Systems Approach for proper analysis

*  Will lead to significantly higher energy and cost savings than a “component level
analysis”

Section_1_26
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The Systems Approach

Combined motor &
pump efficiency = 59%

15 kW motor efficiency = 91% System efficiency = 13%

Section_1_27 Source: US DOE BestPractices Program; Courtesy: Don Casada, Diagnostic Solutions, USA
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The Systems Approach
* Establish current system conditions, operating parameters, and system energy use
= Investigate how the total system presently operates
* Identify potential areas where system operation can be improved
* Analyze the impacts of potential improvements to the plant system

* Implement system improvements that meet plant operational and financial
criteria

* Continue to monitor overall system performance

Section_1_28
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Generic Steam
System

Source: US DOE Steam
Best Practices Program
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Industrial Steam System Optimization

Needs to follow a SYSTEMS Approach
* Focuses on how steam system energy is managed in a plant

* Industrial steam demands change over time and operations of steam system
assets should be optimized on a continuous basis

» BestPractices during design, procurement, operations and maintenance must
be followed

* Understanding of the fundamentals and tools and resources available is key for
a 5SSO program

Section_1_30
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Identified Savings per Plant Summary (in US)

Compressed Air (127) 30,800 2.2 $177,000 440 1,700
Fans (40} 206,500 3.1 $1,151,000 38,400 9,000
Pracess Heating (213) 246,300 1.2 $1,582,000 187,400 13,300
Pumps (80) 42,400 1.2 $219,000 1,250 2,400
T T T N
M“'ti's"{g‘g}’""’aper 420,200 4.7 $2,782,000 217,900 21,000
Section_1_31 Source: Oak Ridge National Laboratory, USA

Steam System Fundamentals
* Steam System Components
* Thermodynamics — Steam Properties
e Conservation of Mass
* Conservation of Energy
* Fuels
* Steam System Optimization Opportunities

Section_1_32




Steam System Components

* Generation

Boiler

Boiler auxiliaries

Water treatment equipment
Deaerator

Feedwater Pumps

Fuel storage and handling
equipment

= Distribution

Steam piping
Pressure reducing stations
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End-use

= Steam turbines

* Heat exchangers

* Live steam injection
*  Stripping columns

*  Evaporators, etc.

Recovery

* Steam traps

* Condensate recovery and return system
= Condensate pumps

Section_1_33
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Fire-Tube Boiler
» Steam pressure limited
«  Typical 20 bars maximum
¢ Steam flow rate limited
= Typical 1,200 BHp maximum
- 20tons/hr
e Saturated steam output
* One inherent efficiency advantage
over water tube type —shell loss is
minimal
* Generally manufactured offsite
* Many different styles
Section_1_34 Source: US ﬁ Steam BestPractices Program
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Fire Tube
Boilers

Section_1_35
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Water-Tube Boiler

« QOperating pressures range from
atmospheric to in excess of 250 bars

* Steam production ranges from 2 Tph
to 5,000 Tph

» Saturated or superheated steam
output

= Constructed onsite or offsite
* Many different styles
* Compact units now on the market!

T .
Section_1_36 Source; US DOE 5team BestPractices Program
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Boilers & Boiler Auxiliaries

* Fans - Air flow configuration
*  Forced draft
*  Induced draft
*  Balanced draft

+« Combustion air preheaters

* Feedwater economizers / condensing
economizers

* Fuel flow valves and combustion controls
* Excess air controls

* Sensors

* Soot blowers — steam or compressed air
* Pollution control equipment

Section_1_38
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Fuel Storage & Handling
Equipment

* Mainly for solid and liquid fuels
*  Primary
*  Back-up / Standby

Section_1_39
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Deaerator
M | h | | s k I\ * Removes dissolved oxygen from
5 Eq:t:,ﬁf _Q make-up water and condensate
* Boiler integrity
« Several different styles
*  Spray type

il

. — * Tray type
Steam inlet :1*|'/ » Maybe combined with

i feedwater heater and storage
= Will always have a steam vent!

Section_1_40
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Pumps

* Boiler Feedwater (BFW)
* Condensate

= Make-up water

* Qther auxiliary services

Section_1_41
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Water Treatment Equipment

* Extremely important boiler water
chemistry

* Integrity of boiler

* Depends on boiler pressure and
water quality

= Several options
*  Softening
*  Dealkalization
*  Demineralization
¢ Reverse 0smosis
* Condensate polishing
*  Chemical treatment

Section_1_42
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Steam Piping

* Transports steam to end use
* Pipe racks

* Pressure headers

* |solation valves

* Relief valves

* Drain points, etc

Section_1_43
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Pressure Reducing Stations

* Also known as Letdown valves

*  Provide steam flow control

* Provide pressure header
balancing

* Operates on a feedback loop

* Always need a bypass for
emergency and repair
conditions

Section_1_44
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Devices which convert thermal energy into shaft
power

Can generate electrical power through a
generator

Can drive a mechanical equipment — fan, pump,
compressor, chiller, etc.

Different types

Backpressure

Extraction

Condensing

Combination of the above

Section_1_45
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Heat Exchangers

Different types

Shell & Tube

Plate / Frame
Tube in tube

Spiral, etc.

Based on applications

Steam transfers thermal energy to process fluid
and forms condensate

Industry standards for designs and applications

USITED NATIONS
INDUSTRAL CEVELOPVENT CRGANIZATHN
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Other End Use Equipment

Feed Heater Cooker Washing, Drying & Finishing Hot water heater

Section_1_47
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Other End Use Equipment

* Evaporators

* Reboilers (Distillation)
* Stripping columns

* Reformers

* Dryers

* Steam ejectors

* Steam injectors

* Thermocompressors

Section_1_48
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Steam Traps

* Prevent steam from escaping
without transfer of heat

* Several different types of traps
*  Thermostatic
*  Mechanical
*  Thermodynamic
*  Orifice

* Application — very important
*  Steam Trap Management

Section_1_49
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Flash Tanks

* Recover flash steam from
condensate

* Eliminate potential condensate
return problems
*  Water hammer

*  Back-pressure
+  2-phase flow

* Blowdown flash tanks reduce
temperature of water before
discharging to sewer

Section_1_50
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g Condensate Recovery System

* Primary / Secondary
* Pumped / Pressure-driven

*  Pumped - Electric-driven or
Steam-driven

* Returns condensate back with
the highest thermal energy to the
boiler house

Section_1_51
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Condensate Tank

* Provides for a common receiver

* Typically, located above grade to
provide for pump suction
reguirements

* May be combined with
deaerator and feedwater heater
and storage

Section_1_52
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Condensate Tank

Fuel Fuel
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1-header System

Boiler

Heat Exchanger

Steam Trap

Condensate Pump

O

BFW Pump

Water Treatment
System
Makeup water
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Feedwater
Fuel Fuel w Fuel
Back High-pressure Steam
Pressure Back
Turbine Pressure
Generator Turbine
Drive

Low-pressure Steam

b3l

Makeup water
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What is STEAM?

* Saturated or Superheated Water Vapor

When water is heated to or above it’s boiling
point, it produces STEAM

Liquid Water
{

Gaseous Steam

Section_1_57
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Steam Thermodynamics

* Thermodynamic States of a Pure
Substance

* Subcooled
—  Liguid {Water)
—  Temperature and Pressure are independent

—  Energy content « Temperature

* Saturated
—  Lliquid / 2-Phase / Vapor
—  Temperature and Pressure are dependent
—  D=Quality=1

* Superheated
- \apaor (Steam)
—  Temperature and Pressure are independent
—  Energy content « Temperature & Pressure

Section_1_58
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Thermodynamic Properties of Steam

* P-Pressure (bars, atmospheres, kPa, MPa)

= T-Temperature (°C)

Absolute Temperature (K)
= X-Quality
* p-Density (kg/m?)
*  V-Volume (m3/kg)

* H-Enthalpy (kJ, kcal)
h - Specific Enthalpy (kl/kg, kcal/kg)

* S-Entropy (kJ/K, kcal/K)
s - Specific Entropy (k)/kg-K, kcal/kg-K)

Section_1_59
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Thermophysical Properties of Steam

C, - Specific Heat at constant pressure (kJ/kg-K, kcal/kg-K)

C, - Specific Heat at constant volume (kJ/kg-K, kcal/kg-K)

V, - Velocity of sound (m/s)

* - Viscosity (Pa.s)

K - Thermal Conductivity (W/m-K)

Section_1_60
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Steam Thermodynamics
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2 * Pressure — Temperature
g / Relationship
g 1 «  AsPressure T — Temperature T
=
100
0 20
Pressure [bars]
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» Steam Tables
I 3 4 5 5 i 8 0 0
reo el e [ S M T -
[bars] [*C] [kg/m3] [m3/kg] [kdkg) [k [kd/kg] [kdfkgl] [kdkgK] [kdfkegh]
05 81.31 71 3244 3404 2305 2645 1.081 6.502 7.593
10 100 958 4 1672 4192 2257 2676 1.307 6.047 7.354
10.0 1799 8872 0.1945 7628 2015 2778 2139 4447 6586
200 2124 849.9 009%62 %086 189 2,799 2447 3893 634
200 2339 82 0.06657 1,008 1795 2,803 2645 354 6.186
400 250.4 7985 004978 1087 1713 2801 27% 3273 6,069
50.0 %4 775 0.03944 1,154 1540 279 292 3053 5973
600 2758 7582 0.03244 1213 1571 2784 3027 2852 5839
70.0 2859 7399 002737 1267 1505 2772 31 2692 5813
200 25 724 00282 1317 1401 2758 3207 25% 5743
90.0 3034 705.4 0.02048 1363 1379 2742 3285 2392 5677
100.0 I 6836 001802 | 1407 1317 2724 3359 2255 5614
Section_1_63
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Steam Thermodynamics

Steam Properties

*  Steam Tables
Mallier Diagrams

* ASHRAE Fundamentals Handbook
Tabulated Data
P-h diagram

* Software Programs

Equation of State for different refrigerants
Engineering Equation Solver (EES)

Other

* REFPROP - National Institute of Standards & Testing (NIST)

Reference Point
= Maybe different for different sources!!

[———— UNITED NATIONS
the Eursgaan Uniem INDUSTRAL CEVELOPWENT QRGANIATION
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Steam System Analysis

» Steady State Steady Flow (SSSF) analysis
* Neglect the time dependent terms
* Dynamic responses are not considered
*  Start-up, Shut-down and upset (or trip) conditions are neglected

* Average operating conditions are used
* Seasonality, Production rates can be dealt with “bin analysis” methodology

* IMPACT level-analysis is conducted on systems

Section_1_65
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Steam System Analysis

= In order to properly evaluate steam systems the physics of each process must be
understood
Thermodynamics
. Heat transfer
' Fluid flow

* Process measurements

Temperatures, Pressures, Flows, etc,

* U.S.DOE Tools Suite
Steam System Scoping Tool {SS5T)
US DOE MEASUR

Insulation evaluation software — 3E-Plus

¢ Commercially available software
Aspen Tech
ProSteam (KBC Linhoff March)
. Visual MESA, etc.

Section_1_66
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Conservation of Mass

* Law: Mass is neither created
nor destroyed in the control
volume

*  Mathematically,

Mass flow in = Mass flow out

* Equation format
* XM, =2ZM

* State of substance & volume
flow can change

out

Section_1_6&7

Water;,

Steam,,

=D water,,

]

Condensate

out
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Example: F1

e Ashell and tube heat
exchanger is used to heat
water using steam

 Water flow rate measured as
600 litres/min

* Steam flow rate is not known

Section_1_68
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Example: F1

* Apply Steady State Steady

Flow — Conservation of
Mass

* Water side: Water flow in =

Water flow out

* Steam side: Steam flow in

= Condensate flow out

Section_1_69
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* Apply Steady State Steady Flow - Conservation of Mass

Water side: Water flow in

Water flow out

(L B VR |

Steam side: Steam flow in

600 litres/min
600 kg/min
600 litres/min
600 kg/min

Condensate flow out

Section_1_70
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Conservation of Energy

* Law: Energy can neither be
created nor destroyed in the
control volume. It can only be
changed from one form to
another.

*  Mathematically,

*  Energy flow in + Heat =
Energy flow out + Work

* Equation format

* z MII‘-*hII\ * Q =L Mrut*houl +W

Section_1_71
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Steam,,

=D water,,

|

Condensate
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Example: F1

* Water inlet temperature = 25°C

*  Water outlet temperature = 75°C

* Specific heat of water = 4.183 kl/kg-K
* Heat transferred to water

= Mwaf_e.’* Cp *{Tout'Tir}
600
Q= 2091 kW

Section_1_72
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Example: F1

= Steam inlet conditions: Saturated steam at atmospheric pressure
* Condensate outlet conditions: Saturated at T = 100°C

— * *
* Heat transferred by steam = IVlsteam hsteam - Mcondensate hcondensate

* No shaft work is done in the control volume: W =0
* Heat transferred to water = Heat transferred by steam

* Conservation of Mass: M., = M o ndensate

Section_1_73
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Example: F1

= *
O- - Msteam (hsteam N hccndensate)

= Steam Property tables provide information on steam and condensate enthalpies

* h - Saturated steam (0 barg) = 2,676 kl/kg

steam
*  higndensate - 3at. Condensate at 100°C = 419 ki/kg

Q =M, X(2676-419)
2,091 =M, X (2,257)
M, =0.927 kg/s = 3,336 kg/h = 3.34 Tph

steam

Section_1_74




4 ‘ 1 1 ‘("'
@ ! Global @
*+Gateway

MINSSTRY OF = USTED MATICNS
INDUSTRY AND TRADE the Eurspean Unien  NDUSTRIAL DEVELDPVENT ORGANIZATION

Example: F1

Pressure I!II teat Er Quality j Enthalpy ml
[bars] 05 [*cl 813 0 [lekng‘4 Saturated LIC|U|d
0.5 813 1 2.645
1013 100.0 0 419
1.013 1000 | 1 2,676 \
1.5 111.4 0 467 1 Saturated Vapor
1.5 111.4 1 2,693 (Dry Steam)
2 120.2 0 504.7
2 120.2 1 2,707
2.5 127.4 (8] 535.4
2.5 127 .4 1 2697

Section_1_75
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Example: F1

Steam;, M =3.34 Tph
T=100°C Saturated
P=0barg Vapor
Quality =1
Q=2,091 kw
water, [N > vter,,
M =600 kg/min M =600 kg/min
T=25°C T=75°C
M =3.34 Tph
T=100"c Saturated
Condensate P =0 barg Liquid
out Quality =0 q
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Example: F2

Steam,,

* Steam is directly injected in
Water,, D) == water,,, a vessel to heat water
* Water flow rate required

| (& measured) by process is
Condensate,,, = 0 600 litres/min

* Steam flow rate is
unknown

Section_1_77
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Steam,, Example: F2

*  Apply Steady State Steady Flow

Water,, - - Water,, — Conservation of Mass

*  Water flow in + Steam flow in =
Water flow out

Section_1_78




Example: F2

* Waterflowin =M
Steam flow in = M,.,, = unknown

*  \Water flow out=M

waterin = unknown
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* Apply Steady State Steady Flow — Conservation of Mass

Water,, -

- Water,,

watgrout .
= 600 litres/min
~ 600 kg/min
: Mwaterin + Msteam = Mwaterout ..Eqn1l
Section_1_79
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Example: F2
Steam,,

Water inlet temperature = 25°C
Water outlet temperature = 75°C

Steam inlet conditions: Saturated steam at
atmospheric pressure

No shaft work is done in the control
volume: W =0

Apply Steady State Steady Flow -
Conservation of Energy

M *h +M *h
*

steam steam ~
M waterout

EGN-2

waterin waterin

waterout

Section_1_80




- Global @
Q Gateway-

ot UNTED NATIONS
HD mmmns e B U NDUSTRAL GEVELOUENT CRGANIATON

Example: F2

2 H 4 o ™
Pressure. | Temperature, | Quality. | Enthalpy. | Density.
’T o 'T Y T 2l )i = Steam Property tables provide

[bar] [C] [kikg] | [kgim3] information on steam and sub-
1.013 25.0 -100 1048, 9971 cooled water enthalpies
1.013 75.0 -100 M4 9749 *  hyaterin - Subcooled water (25°C)
= 104.8 ki/kg
1 s 1 L *  hgeam - Saturated steam at O barg

= 2,676 ki/kg

¢ hyaterout - SUbcooled water (75°C)
=314 ki/kg

Section_1_81
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Example: F2

* Equation 1 is now written as

M waterin + M feam waterout

600 974 9
MWc?fé’!’H}' + Mream 60 X 1,000
M waterin + M steam — = 9 7 5

kg
Mwaterouf = 9 75?

Section_1_82
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Example: F2

* Equation 2 can now be written as

X ( I 04 8) + steaim (2! 67 6) = M W“u‘eraurx ( 3 ] 4)
M psiorin X (104.8) + M, X (2,676) = 9.75% (314)
Mwﬂerm X (104 8) + M, steaim X (2'676) :3106?-5

M

waterin

* Equation 2 can now be written as

litres
min

—896—= 8% x 1,000 X 60——539
997.1

MI—PHEE'H}?

M :0.793—; :2,855'}1; =285 Tph

steam

Section_1_83
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Example: F2

M =2.85 Tph
Heam;; T=100°C Saturated
P=0 bar’g Vapor
l Quality =1

water,, DM ) v,

M = 8.96 kg/s M =9.75 kg/s
V =539 I/min V =600 I/min
T=25°C T=75°C

Section_1_84
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Key Points / Action Items

. Use a Systems Approach to optimize steam systems

. There are four major areas of a steam system — Generation, Distribution,

End-Use & Recovery

. An understanding of the laws of thermodynamics, heat transfer, fluid

flow and steam properties is required for a steam system analysis

. Steam is used all across the industry to do various tasks and is the most

effective medium to transport energy and produce shaft work (or power)

Section_1_85







Section 2: Steam System Scoping Tool:
* Steam System Optimization Opportunities
* Steam System Scoping Tool (SSST)
* Hands-On Exercise on SSST
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- -
+ Global @
«Gateway
MINISTRY OF [ UNITED MATINE
INDUSTRY AND TRADE the Eurgpean Unios INDUSTRIAL DEVELOPVENT ORGANIZATION

Section_2_1
9 * Global - @
MINSSTRY OF e Gateway 5 UNTED NATICNS
INDUSTRY AND TRADE e Burgpan omien  NDUSTRIALDEVELOPVENT ORGANIATION
Pressure
Reducing Valve
Combustion
Gases
Isolation Vaive
Combustion Alr FOI'OW Dratt —
Preheat
N E Process Heater
— .
= Generic Steam
Economizer ” || “ Heat Exchanger system

Steam

Combustion Alr ;
[ ]

Source: US DOE BestPractices Steam System Sourcebook
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Common BestPractices - Generation

Minimize excess air

Install heat recovery equipment

Clean boiler heat transfer surfaces

Improve water treatment to reduce boiler blowdown
Recover energy from boiler blowdown

Add/restore boiler refractory

Minimize the number of operating boilers

Optimize deaerator vent rate
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Source; US DOE BestPractices Steam System Sourcebook
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Common BestPractices - Distribution

Repair steam leaks

Minimize vented steam

Isolate steam from unused lines
Minimize flows through pressure reducing stations
Reduce pressure drop in headers

Drain condensate from steam headers
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Ensure that steam system piping, valves, fittings and vessels are well insulated

Section_2_4
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Common BestPractices — End-Use

Reduce steam usage by a process
* Improving the efficiency of the process
= Shifting steam demand to a waste heat source

* Reduce the steam pressure needed by process, especially in cogeneration
systems

* Upgrade low pressure (or waste) steam to supply process demands

» Process integration leading to overall energy optimization of the plant

Section_2_5 Source; US DOE BestPractices Steam System Sourcebook
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Common BestPractices - Recovery
* Implement an effective steam-trap management and maintenance program
= Recover as much as possible of available condensate

* Recover condensate at the highest possible thermal energy

* Flash high-pressure condensate to make low-pressure steam

Section_2_6 Source: US DOE BestPractices Steam System Sourcebook
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Industrial Steam System Management Objective:
Minimize Steam Use, Energy Losses, GHG Emissions

Most Importantly
ENHANCE RELIABILITY OF OPERATIONS &

REDUCE STEAM SYSTEM OPERATING COSTS!!

Section_2_7
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US Steam Market Assessment Takeaways

* Fuel savings estimates — individual projects — ranged from 0.6 percent to 5.2
percent

* Estimated payback periods generally very attractive
Ranged from 2 to 34 months
Most less than 2 years

* Potential steam savings in target industries — over 12 percent of fuel use

Section_2_8&
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Promising Areas To Achieve Steam Energy and Cost Savings?
Use the US DOE Steam System Scoping Tool (SSST) For Initial Assessment

The SSST is available in both IP and Sl units

Section_2_9
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US DOE Steam System Scoping Tool - SSST

* SSSTis a software-based questionnaire designed to enhance awareness of areas
of steam system management

* Divided into typical steam system focus areas

* Provides the user a score that is indicative of management intensity and serves
as a guide to useful information

» Tool to identify potential improvement opportunity areas

*  Will NOT quantify the energy savings opportunities

Section_2_10
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Intended SSST Users

* Industrial manufacturers
* Plant managers
= Utility managers
Plant process engineers

Can also be used by institutional, commercial steam users

Section_2_11
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Two SSST Formats Available

* Excel Spreadsheet (Version 1.0d)
* Linking capability across plants
* Spreadsheet — Look and Feel
* Manual entry of scores
= Sl / Metric version available

Section_2_12
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SSST Organization

* Introduction

* Steam system basic data

* Steam system profiling

* Overall system operating practices

* Boiler plant operating practices

* Distribution, end use and recovery operating practices
*  Summary results

= Next steps

Section_2_13
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Obtaining Data for SSST Input

Sources of data:

* Actual current measurements

* Computerized or print copy historical records

* Information on procedures from:
— Plant engineer/utilities/maintenance manager(s)
— Boiler operator

* 26 questions — expected time: 30 min (max)

Section_2_14
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Steps for Use of SSST

* Load program

* Open SSST by clicking on opening title screen

* Review SSST sections to identify needed input data

* Obtain input data

* Optionally complete steam system basic data section

* |nsert answer choices into SSST sections

Section_2_15
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Steps for Use of SSST (cont.)

* On summary results screen note scores achieved in major sections
= Compare scores achieved with those for similar plants
* Identify and prioritize steam system improvement opportunities

= Utilize resources identified in “next steps” section for assistance in
implementing steam system improvements

Section_2_16
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SSST Scorecard — Results

*  What is the condition of your system?
* Allows for identifying potential improvement opportunities and focus areas

SUMMARY OF RESULTS POSSIBLE| TYPICAL
SCOPING TOOL AREAS SCORE SCORE

STEAM SYSTEM PROFILING 90 63%
STEAM SYSTEM OPERATING PRACTICES 140 69%
BOILER PLANT OPERATING PRACTICES 80 63%
DISTRIBUTION, END USE, RECOVERY OP. PRACTICES 30 58%
TOTAL SCOPING TOOL QUESTIONAIRE SCORE| 340 222.0
TOTAL SCOPING TOOL QUESTIONAIRE SCORE| 100% 65%

Section_2_17 Source: US DOE Steam BestPractices Program
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Interpreting Summary Results
» Total possible score: 340 points

* Average scores reported with results from over 150+ energy
assessments:
* Steam system profiling: 62%
* Total steam system operating practices: 69%
* Boiler plant operating practices: 62%
» Steam distribution, end use and heat recovery practices: 58%
* Overall average score reported: 65%

Section_2_18
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Interpreting Scores

* Notable variation in category scores

» Best performance in category of total steam system operating practices (69%)

* Poorest performance in category of steam distribution, end use and heat
recovery practices (58%)

* Modest scores overall indicate substantial opportunity for steam system
improvement

* SSST can be used to trend improvements

Section_2_19
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SSST Hands-On Exercise

* You have been tasked with a steam system assessment at a pulp and
paper mill

* The plant Utilities Manager & Utilities Engineer are available to provide
information to you about the plant

* Open SSST and input available plant data
= |dentify missing data and determine appropriate plant source for this data

» List possible steam system improvement opportunities that you would like to
investigate
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Indicates a flow meter
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SSST Hands-On Exercise (cont.)

The plant (and steam system) operates 24 hours/day, 365 days/year;
* There are three boilers: Coal-fired, HFO-fired and Natural gas-fired

* The coal-fired and HFO-fired boilers are operated at base-load (fixed) whereas
the Natural gas boiler responds to load variations

* Typical average loads correspond to ~65-70% of total available capacity

= Boiler instrumentation is limited to header pressure and boiler steam output
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SSST Hands-On Exercise (cont.)

* Monthly boiler fuel (coal, HFO and Natural gas) costs are tracked but not related
to steam or product production rates

* Boiler combustion efficiency is measured on a semi-annual basis using portable
instrumentation

» Fireside heat transfer surfaces are normally found to be clean
*  Waterside surfaces have had to be cleaned about every three years

= A feedwater economizer exists on the coal-fired and the HFO boiler
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SSST Hands-On Exercise (cont.)

» Blowdown for all boilers is done manually by the operators based on
TDS and conductivity measurements taken once during the day

* An outside contractor provides boiler water treatment services based
on monthly visits to the plant

* There are have been no problems with the regulation of boiler pressure,
water levels or steam quality
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SSST Hands-On Exercise (cont.)

* There is uncertainty about the number of steam traps in the plant; traps
have not been surveyed for some time due to reduction in maintenance
staff; but traps are checked and repaired/replaced if production is
affected

« Steam system components are inspected and serviced as needed only
when process operators report problems

* Condensate recovery averages 50% based on make-up water amounts
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SSST Hands-On Exercise (cont.)

* During a walk-through inspection of the plant the following
observations were made:

= Within the utilities areas, most of the steam distribution piping and system
components seemed well insulated

* There were several lengths of steam pipe and valves with modest amounts of missing
insulation in the rest of the plant

* No evidence of water hammer was detected

* No leak management program at the plant and several minor steam
leaks are observed
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SSST Hands-on Exercise Instructions

* For the plant information presented, provide data input to the SSST and
arrive at scores for each SSST section and the summary listing

* For all questions for which input data is unavailable or insufficient,
specify how you would obtain the needed information during your plant
visit

* Based on your SSST analysis results, develop a list of priority actions to
achieve energy conservation in the example plant
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SSST Hands-on Exercise Results

SUMMARY OF STEAM SCOPING TOOL RESULTS

POSSIBLE YOUR

SCORE SCORE
STEAM SYSTEM PROFILING 90 36
STEAM SYSTEM OPERATING PRACTICES 140 70
BOILER PLANT OPERATING PRACTICES 80 49
DISTRIBUTION, END USE, RECOVERY OP. PRACTICES 30 22
TOTAL SCOPING TOOL QUESTIONAIRE SCORE 340 177
TOTAL SCOPING TOOL QUESTIONAIRE SCORE (%) 52.1%
Date That You Completed This Questionaire 6/6/2011

e e |
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SSST Hands-on Exercise Results

SCOPING TOOL QUESTIONS

(1. STEAM SYSTEM PROFILING

POSSIBLE
SCORE

Wbt try
e Lisgaan Uniis

STEAM COSTS

SC1: Measure Fuel Cost To Generate Steam 10
SC2: Trend Fuel Cost To Generate Steam 10
STEAM/PRODUCT BENCHMARKS
BM1: Measure Steam/Product Benchmarks 10
BM2: Trend Steam/Product Benchmarks 10
STEAM SYSTEM MEASUREMENTS
MS1: Measure/Record Steam System Critical Energy Parameters 30
MS2: Intensity Of Measuring Steam Flows 20
STEAM SYSTEM PROFILING SCORE 90

YOUR
SCORE

21
5

36
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SSST Hands-on Exercise Results

|[2. STEAM SYSTEM OPERATING PRACTICES

STEAM TRAP MAINTENANCE

S5T1: Steam Trap Maintenance Practices

WATER TREATMENT PROGRAM

WT1: Water Treatment - Ensuring Function
WT2: Cleaning Boiler Fireside/Waterside Deposits
WT3: Measuring Boiler TDS, Top/Bottom Blowdown Rates

SYSTEM INSULATION
IN1: Insulation - Boiler Plant

IN2: Insulation - Distribution/End Use/Recovery

STEAM LEAKS
LK1: Steam Leaks - Severity
WATER HAMMER

WH1: Water Hammer - How Often

MAINTAINING EFFECTIVE STEAM SYSTEM OPERATIONS
MN1: Inspecting Important Steam Plant Equipment

STEAM SYSTEM OPERATING PRACTICES SCORE

40

10

10

10
20

10

10

20

140

8 S

5 d—

10
14 €=

10

5 M

70
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[3. BOILER PLANT OPERATING PRACTICES |
BOILER EFFICIENCY
BE1: Measuring Boiler Efficiency - How Often 10 5 ¢—
BE2: Flue Gas Temperature, 02, CO Measurement 15 9
BE3: Controlling Boiler Excess Air 10 7
HEAT RECOVERY EQUIPMENT
HR1: Boiler Heat Recovery Equipment 15 3
GENERATING DRY STEAM
DS1: Checking Boiler Steam Quality 10 10
GENERAL BOILER OPERATION
GB1: Automatic Boiler Blowdown Control 5 0 &
GB2: Frequency Of Boiler High/Low Level Alarms 10 10
GB3: Frequency Of Boiler Steam Pressure Fluctuations 5 5
BOILER PLANT OPERATING PRACTICES SCORE 80 49
s&e 4 Global Uj'!.sj
ulN‘:SI_RYQC * Gateway g ’\_
SSST Hands-on Exercise Results
4. STEAM DISTRIBUTION, END USE, RECOVERY OPERATING PRACTICES
MINIMIZE STEAM FLOW THROUGH PRVs
PR1: Options For Reducing Steam Pressure 10 10
RECOVER AND UTILIZE AVAILABLE CONDENSATE
CR1: Recovering And Utilizing Available Condensate 10 (R
USE HIGH-PRESSURE CONDENSATE TO MAKE LOW-PRESSURE STEAM
F$1: Recovering And Utilizing Available Flash Steam 10 b +—
DISTRIBUTION, END USE, RECOVERY OP. PRACTICES SCORE 30 2
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SSST Hands-on Exercise Next Steps

* Steam system profiling
* (Calculate steam costs & trend
= Correlate steam costs with production and benchmark

* Steam System Operating Practices
* Incorporate Steam Trap Management Program
* Investigate steam system insulation in the plant
* Investigate causes for water-side fouling issues
* Evaluate the need for periodic inspection of steam system equipment
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SSST Hands-on Exercise Next Steps

* Boiler Plant Operating Practices

* (Calculate and trend individual boiler and overall plant steam generation efficiency &
trend

* |nvestigate excess air control equipment and in-situ measuring equipment
* Investigate feedwater economizer

* Investigate blowdown thermal energy recovery

* Improve boiler blowdown control

* Distribution, End-Use & Recovery
= Back-pressure turbine optimization
* Improve condensate return & flash steam recovery
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Key Points / Action Items

1. Use a systematic approach (gap analysis, comparison to BestPractices) to
identify potential energy saving opportunities that may exist in steam systems

2. The US DOE’s Steam System Scoping Tool (SSST) can be used to identify these
improvement opportunities

3. Itis available “free”

4. The SSST can also be used as an intake questionnaire to collect preliminary
plant level information

5. It contains 26 questions and shouldn’t take more than 30 minutes to complete
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Section 3: US DOE MEASUR Tool (MEASUR):

= QOverview of US DOE MEASUR
e MEASUR Calculators

* MEASUR Assessments

e |mpact Utility Costs

Boiler Efficiency
3-header Student Hands-On Exercise
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Boiler Number 2
Heawvy Fuel Oil (HFO)

Boiler Number 1
Coal

Boiler Number 3
Natural Gas

" Blawdown Purchased

Electricit\..r

demand

L P

v
Site electrical demand

Steam

Makeup water
Process condensate
Turbine condensate

o

v
Discharge to sewer

System

Indicates a flow meter
installation
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US DOE MEASUR Tool

* MEASUR Tool

*  Manufacturing Energy Assessment Software for Utility
Reduction

» Itsin Beta phase because US DOE is constantly adding new
features continuously

* Download free from the US DOE website — MEASUR
*  https://www.energy.gov/eere/amo/measur
*  Search for US DOE MEASUR on the internet
* Download and install — creates a shortcut on the desktop

= Checks for updates automatically and let’s you download the
updated version so that you have the latest version available
every time you run it

Section_3_3

US DOE MEASUR Tool

* MEASUR Tool
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* Now available ONLINE also!
* Launched in August 2022
* https://measur.ornl.gov

* Everything should be identical to the downloaded version

Some additional testing and checking is ongoing
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US DOE MEASUR Tool (cont.)
@iicy
St MEASUR
S | _ .
i Welcome 1o the most efficient way to manage and optimize your fagiities” systems. and equipment.
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Preferences

* Full flexibility is offered
to the user to select
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STEAM EXAMPLE SETTINOS WELP
- h Apybc o g G Tran Syete sics Help
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ileleaelia
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default (IP) or choose
Custom units for the
parameters

e Generally, USS is the
easiest currency to work

with but some other
currencies are available

e HELPis always around
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All Calculators

* MEASUR has several
calculators

* General calculators are
cross-cutting and NOT
system specific
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Steam Calculators

Steam Fropeiies
ECalculaty tha properties of steam, vey IWFWS REGT

Satumted Properties
Calculats the propartias of saturated stsam, via IAPWS R7-07

Steam Reduction
Quantify iha anargy savings associatad with reducmg staam use

Slack Loss
Datarmine the smount of heat iost in he boiler s1ack gas

Boller
Dustermmisnie (e smount of i eneegy requined 1o produce st in Doisl

Steam Turbing
Caicuilabe the energy gensisted or alesm culiet conditions for & sieam it

ECEER

s
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Pipe Insutatian
Craantiy tho energy savings associaled with insulaiing hat pipes.

Tank Insulation
Cumriify Ine ey savings associaled with msdlatrey hat fanks

Boller Biowdown Rate
Calcudaio the bicwdawn rso of & boder

Dessrsion
Disbermine the requited water and sieam Nows fof 8 requited feedwaber mass liow

Flash Tank
Ditastmnine the Mmiss fows and properies o4 aiy fesulling eullel gers andior iguid far given nlit canditiong

PRV
Calcidaie e properiies of steam afler & pressunes Brop willl OPLONE desupetaatig
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Header
Calcuiate the combinsd steam properties of mullipls steam misls

Heat Loss steam CaICUIatOrS

Calcusate the enengy (heat) loss and outht stearn peoparties given inlet steam conditions and & % heat loss

e These calculators
‘ent Steam o Heal Water
Estmate energy savings when vent stream is used o heat water using a steam fo fiquid heat exchanper p rovi d ea q u | C k ana Iysis
e 1st|evel Quantification

Heat Recovery From Condensing Heatl Exchanger
Estamate energy savings when stack waste hest is recovered using condensing heat exchanger to heat boiler

foad watar
Feedwater Economizer
Estenate enargy savings when stack waste heal is recovered wsing nen-condensing heal exchangar o heat
bosder feed water
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Spectc Speed
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Pumping System

Pump Curve
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Welcome to MEASUR's Steam System

Assessment Module! MEASUR’s Steam
Assessment
Module
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BB ~ssessment Settings B Operations 5 Boiler 1 Header

CTPERATING CONDITIONS

General Details
Dparating Hours Fﬁ e
Site Power Import |

value Required . Input SectionS -

Make-Lp Water Temperatune 10 [F=]
.
Energy Cosis for Operation O pe ratlons
Fue| 548 ==
Electricity 005
PR L Water Cost 7 925161546875

Crarkon Ermissions From Fucat

Energy Source Natural Gas ~|
Fuel Type Matural Gas

Tolal Fuel Ermissian Output Rate E

Catcuate hat GOy Emigsions from Mixed Sources

Carbon Emissions From Electricity
Zip coda

BERIO Subregion

Total Emission Culpit Rate
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n Assesament Settings a Operations Boiler n Header
BOILER DETAILS Input Sections_
Boiler Combustion Efficiency 85 % | BOi I er
Calculate Efficiency
Blowdown Rate 5 % |
Calculaie Biowdown Rate
|s the blowdown flashed? No |
Preheat Make-up Water with Blowdown | Mo v
Steam Temperature 1200
Deaerator Vent Rate. 0
Deaerator Pressure 3
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B #ssessment setings (B cperatons Dveader [ pssessment Setinos [ Operations B sorer (B teader
HEADER DETAILS HEADER DETAILS

Namber Of Headsrs I vl Number Of Headers |1 v
— — i

5

Condensate Reum Temperatwe il G Feturn Temy en [t]
Fiash Condensate Retum o v Flash Condensate Retum [ v
High Pressure Heade: High Pressure Header

Process Steam Usage [ [th Piocess Steam Usage s Tow]
Condensate Recovery Rate | B Condensale Recovery Rate o0 [5]
Heat Loss foa % Heat Loss i |5
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Steam System Summary
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UNTED NATIONS

P INDUSTRIAL

Total Sy

52,190 000

RESULTS HELP
STEAM SYSTEM SUMMARY
505 e
310,060 094
Emisslons From Fual £2,480:81
5
]
#2480 81

Baoiler
Total Shyr

T41.8% Guihre

1 zd\z_uq 166-!‘??

Flow

Total Sy

8,26 mmin

510,050 894

AL STEAM COST
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Turbine Generation 10 G [7.0%

Steam System
Sankey Plot

Unreturned Condenszte 8 G1/hr (5.24)

od Condensate 24 Glifr {16.8%)
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Key Features of MEASUR (Steam Model)

Choice of 1, 2, or 3 Header Pressure Models

Schematics of Model Steam Systems

Energy & Cost Summaries

Estimates of Environmental Emissions
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Key Features of MEASUR (Steam Model)

* Major Equipment Simulated:
* Boiler(s)
* End-uses
* Back-pressure turbines
* Condensing turbine
* Deaerator
* Insulation losses
* Letdowns
* Flash vessels
* Heat recovery exchangers
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The MEASUR Steam Assessment Can Evaluate Key
Steam Improvement Projects

* Steam Demand Changes * Boiler Blowdown Energy Recovery
* Boiler Efficiency * Condensate Recovery
* Alternative Fuels * Heat Recovery

= Steam Turbines Flash Steam Recovery

.... And many more project scenarios
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Assessment Page (Novice View)

(2 MEASUR

| rsesenen

Explore Opportunities Modify All Conditions
Novice View Expert View

Now that you have setup your system and have baseline information, m—
create duplicate baseline conditions to find efficiency opportunities.

Data will be copfed from vour current beseline condiion
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BASELINE MODIFICATION
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Fusl

Elactricity

Make Lip Water Cost [r-2as1s18a8a7s
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Total Emission Cutput Rale [ag 67 o Edtawn |
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e = - (Executive
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[ 28000 Ta gt preT 21 me Tt Summary)
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Aanuual Com (8] LERL 20,005,155 S0 L FFT
Aanizl Savings (4] - 255 Tal 00880 1
implamutaten Cast = =, = = =
Fajeack Peod (e} = = = = =
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US DOE MEASUR
e Start MEASUR
* Installed version
*  Online version (=
e Start at “Settings” tab
* General settings
¢ Steam system settings
* Open two MEASUR windows on the browser
* Steam system assessment
* Calculators
Section_3_31
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MEASUR (Overall System Settings)
D MEASUR - o =
U5 DEFARTMENT OF
= - -
Energy Efficiency & | ”l
Renewable Energy General Setlings ~
Currancy [= -
: Uniit of Masmuss Cmperiad _
Harr @abatric
Ensrgy Rasul Linit Digajoulas (0.0 -
Diafaslt Panel Tab [ — -
Datas Exploration i 4
Enargy Costs for Oparation
Al Calculators Fusi 39
Senera| Staam (as ulity) 4e8
Elmctricity 0 066
Compressed A (as ublity) o ez
Ot Flaal
Wt 0
WWastawater o
COp Savings Settings ~
Pump Settings -~
Process Heating Setlings ~
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MEASUR (Steam System Assessment)

o

U.5. DEFARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Exnmpte -

Examy
B Fump Examplo

nprassad Alr Exampls

o Witer Examplo
wy
ure Hunt Expmple

ss5 Heating - Fusi Exol
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MEASUR

Welcome to the most efficlent way to manage and optimize your facilities’ systems and
equipment.

Create an assesament 1o model your system and find oppoitunities for efficiency or run calculations from one of our many
property and equipment calculatons.
Gt started with one af the Tollowing options
It you nesd help at any poinl along the way, click on o 8 User Manual leon

—

View Aszessments

Equipment Calculaiors

Pump

** o
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MEASUR (Steam System Settings)

L' ] 8-

Bl sover B Header B e

STEAM EXAMPLE SETTINGS

Cusrency

Uinits of Muasurs

Premniars M,

——
Tutrgiaralsire Mo ana wetierd
Specilic Enimay

Epecific Entropy

Epacific Velume

Mozs Flow

Energy

Pavee

Witanin Prassurs

Velume

Voduma Flow

Equipment Motes

HELP
= = Systemn Basics Help
Srnperist
=_\airic
Custam Youl systen Bescs N o it o iEaELIE S5 OEhEE Il the BYBEM YO0
e modeiing for thes assessment These seftings are mhented by detault fram your drsctony qr

Flar gruge (bar}
- AppiCAtions SEMings and can be costomizea for this assessment

Tugrass Cubinm (|

Kllofolics par Kibageants (KIWq)

Mo geam Falvin (eiig ¥

Kilgjoulan par K

Cthie: ivubars

Tk AL par i

ebsininal Ifrermatinn fr yene sou

Chperating Conditions al time of Assessment
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B Assossmont sotiings [l operations ) sover B Hoader BB ruine
DPERATING CONDITIONS HELP
General Detalls ‘Steam Operations Help

Dpesating Hours Eleg Thre
Site Powes Import =000 [
Makeup Water Temperatune [+ ey
Eneigy Costs Tor Operation

Fraed 538

Electricity |oos

blake-Up Wates Cost.

[0 660430 12780525 _

Carbon Emisgions From Foel

Energy Source ealural Gas
ol [ ety Ginn
Tota! Fusl Erviission Cutput Rate e —

USRS Nt OO Cmivsions nsm Mixe Sourcss

Garbon Emigsions From Electricay

Z)p code
eGRID Subregion

Tosal Emission Oulpul Rate

Enter meanusd 0ata to calcumne your

MEASUR
(Steam System
Operations)
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Site Power Import (or Export)
* MEASUR requires an input for the
, normal amount of import
Onsite Power

]

Total Site Power Demand

Imported Power
(MEASUR Input)

electrical power

* Import electrical power combined
with site generated power is the
site load

* If the site is a net exporter of
power a negative value should be
provided for the import power
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Electric Rate Structure

* Athorough understanding of the electric rate structure is essential to
evaluate the true impact of any process change

* The average electric cost is generally not the unit cost a facility will be
impacted by as a result of an increase or decrease in electrical
consumption

* Fixed costs should NOT be included in MEASUR impact-type analysis

Section_3_37
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Electric Utility Costs

« 1t Level of Information
*  Annual electric utility bill: 54,860,000
* Annual electrical energy consumption: 43,800 MWh

* Electric utility cost can be calculated as follows

PlectricCoss — 2860000 $
8 = Y2 500,000 " KWER

* But this cost may be INCORRECT for use in MEASUR analysis

Section_3_38
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Electric Utility Costs

2" | evel of Information

*  Annual electric utility bill: $4,860,000
* Annual electrical energy consumption: 43,800 MWh
*  Fixed Charges: $480,000

* Reducing energy consumption will NOT change the fixed charges and hence,
they shouldn’t be included in MEASUR

* Electric utility cost can be calculated as follows

(4,860,000 — 480,000) 010 $
43,800,000 e

ElectricCost =

* This cost may be CORRECT for use in MEASUR analysis, if Electric Demand is
going to be impacted

Section_3_39
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Electric Utility Costs

+ 31 Level of Information
*  Annual electric utility bill: $4,860,000
= Annual electrical energy consumption: 43,800 MWh
* Fixed Charges: $480,000
*  Annual Demand charges: 876,000
* Annual Energy charges: 53,504,000

INDUSTRY AND TRADE

The Exsrsgman Unim INDUSTRAL CEVELOPVENT CRGANIZATHN

* |f electric Demand is NOT impacted then Demand charges should NOT be

included in MEASUR

* Electric utility cost can be calculated as follows

$

ElectricCost = 23,800,000

(4,860,000 — 480,000 — 876,000) 0

kWh

Section_3_40
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Electric Utility Costs

» Different configuration
*  Demand charge: $14.60 per kW per month
* Energy charge: 50.08 per kWh

» MEASUR has only one cell (5/kWh) for input

$
Kenergy = (0.080 ‘m
14.6 : L month 0.020 —$
K = 14. =
Gz kW month \ 730 hrs kWh
; $
ElectricCost = K,perg, + Kgemana = 0 10m

Section_3_41
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Makeup Water Costs

Water purchase price

» Pumping costs

* Treatment costs

* Wastewater costs ?7?

* Makeup water temperature is an important variable
* Use 20°C for example steam system

» A typical cost is $0.66/m?

Section_3_42




MEASUR Fuel Selection

* Steam & Hot water

» Doesn’t really apply unless directly
importing stream from another plant

* Natural gas

* Petroleum-based fuels
* Diesel (#2 fuel oil)
+ PG
*  Other hydrocarbaons, etc
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Biomass fuels
= Biodiesel

* Bagasse

= Wood, etc

Natural gas
= Different grades

Other fuels
* Coke
+ Hydrogen, etc

Mixed fuel (user-defined)

Section_3_43

Fuel Heating Value
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The energy content of a fuel is determined by a combustion

process

* The combustion process begins and ends at ambient temperature

* The energy released during the combustion process is measured
— Heat of Combustion for the fuel (calorific value and the heating value)

* Fuels containing hydrogen will form water during combustion

CH.+20,~ CO,+2H.0 +Energy Release

Section_3_44
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Higher Heating Value (HHV)

* Water (H,0) formed during the combustion process is
initially steam but condenses during the heating value test

» Each kg of water releases ~2,325 kJ of energy by condensing
—  This energy release is measured in the Higher Heating Value

* |n the United States, HHV is the common convention

—  The primary exception is the combustion turbine arena

CH4+20,— CO,+2H,0 +Energy Release

—
condensate
Section_3_45
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Lower Heating Value (LHV)

* The Lower Heating Value is the energy liberated from a combustion process
with no latent energy release from condensation

* The Lower Heating Value is generally determined by calculation from the higher
heating value and the fuel compaosition

* In most boiler operations the flue gas will exit the boiler with no condensate

* The Lower Heating Value is the convention in most of the world

CH;+20,— CO>+2H,0 +Energy Release

_v_/
Steam

Section_3_46
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Higher and Lower Heating Value

* The numeric difference between the higher and lower heating values depends
on the hydrogen content of the fuel
* Natural gas (Natural gas) difference is 10%
*  Fuel oil difference is 6%
* Coal difference is ~4%
*  Green wood difference can be more than 20%

* In the United States most fuels are marketed based on the fuel higher heating
value

» The primary point of concern is consistency

Section_3_47
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Fuel Cost Structure — Impact Fuel

* Analyses should be completed utilizing impact costs

= Gross indications of savings opportunities can be attained by use of average
impact cost or projected cost

* Multiple models may need to be developed reflecting various pricing conditions
*  Fuel prices typically vary seasonally

= When the site fuel is not an MEASUR fuel the most similar MEASUR fuel should
be used

*  The MEASUR fuel cost should equal the actual energy related fuel cost

Section_3_48
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Fuel Selection

* How should multi-fuel sites be modeled?

* Impact fuel cost should be utilized
— The fuel that will change consumption if steam demand changes
— Typically, highest cost fuel in use but NOT always
— “Blended costs” generally do not reflect actual system changes
- Blended costs do provide a confidence level in the model results

Fuel cost: $170/tonne
Boiler capacity: 90 Tph
Steam production: 65 Tph
Boiler efficiency: 85%

Fuel cost: 5785/tonne
Boiler capacity: 90 Tph
Steam production: 65 Tph
Boiler efficiency: 84%

Fuel cost: S1.0/Nm?
Boiler capacity: 30 Tph
Steam production: 20 Tph
Boiler efficiency: 80%

output

s+ What is the impact
fuel in this operation?

Section_3_49
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] 1 ]
I ] 1 ;
! : ! Fuel Selection
1 1] 1
1 L] I
: 'I : ¢  Turndown issues limit
1 i [ minimum fire
1 I B
F . : operation
I | 1 4 i
1 i 1 ®  Maximum fire issues
I i I Tram ' 2
Fuel: Coal " Fuel: Heavy Fuel Oil | Fuel: Natural gas \ limit continuous

i I I
1 ] 1
1 I 1
1 I [}
1 1 1
1 | I
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Fuel: Coal

Fuel cost: 55.4/G)

Boiler capacity: 90 Tph
Steam production: 65 Tph

iler efficiency: 85%

Fuel: Heavy Fuel Oil

Fuel cost: $18/GJ

Boiler capacity: 90 Tph
Steam production: 65 Tph
Boiler efficiency: 84%

8

INDUSTRY AND TRADE

Fuel: Natural gas
Fuel cost: 525/GI
Boller capacity: 30 Tph

Steam production: 20 Tph

Boiler efficiency:

¥
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Fuel Selection

* From a pure cost
perspective — Natural
gas fired boiler is the
impact boiler

* It has the highest steam
production cost!

Section_3_51

Steam conditions:
25 bars and 375°C

Fuel: Coal

Fuel cost: $5.4/G)

Boiler capacity: 90 Tph
Steam production: 65 Tph
Boiler efficiency: 85%

Fuel: Heavy Fuel Oil

Fuel cost: $18/GJ

Boiler capacity: 90 Tph
Steam production; 65 Tph

Boiler efficiency: 84%

— e e =

Fuel: Natural gas
Fuel cost: $25/Gl
Boiler capacity: 30 Tph

Steam production: 20 Tph

Boiler efficiency:

-
- -
« Global %
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Average Fuel Cost

* For this operating
condition the
“average fuel cost” is
~$13.6/G)

¢ Combined boiler plant
efficiency is 83.9%

¢ This is good to use to
check overall utilities
agreement
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Specifying Fuel & Cost in MEASUR l

Sales Typical Cost HHV  |Unit Price
Fuel Unit [$/sales unit] | [kJ/kg] | [$/GJ]
Natural Gas Nm? 1.00 54,220 26.35
Number 2 Fuel Oil tonne 1,500 45,125 33.24
Number 6 Oil (LS) tonne 785 43,595 18.01
Number 6 Oil (HS) tonne 797 43,764 18.21
Bituminous Coal tonne 1 31,890 5.36
SubBituminous Coal tonne 129 23,465 5.50
Green Wood tonne 22 12,215 1.80
This is VERY IMPORTANT. The units of fuel cost in MEASUR are based on ENERGY.

N Wy
4 " -

4 -
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| System Setup | A

ED ~ssessmeant setiings () operations BB soier B Header

OPERATING CONDITIONS

Specifying Impact Fuel &
Cost in MEASUR

General Detailz

Oiparating Hours w860

Site Power impon |S000 W

T e * The Emissions information
E_r'ﬂgy Costs for Cpssation o

— = - = provides Scope 1 & 2
RS, (x4 Ll s Default emission factors
Make-Up Water Cast |0.655

from US database are

Carben Ermissions Frem Fuel

Enemy Source ' Natural Gas e _ prOVIded OR use S|te &
Fuel Type | Mawrs Gas - o .
ool Fuel Emissine Dritpud Rale i fuel-specific factors, if
Coamzifate Mat T0; ErvsmEuens from Mizsd Seurces kn OW n

Carben Emissions From Elecinoty

Zip code |coooo

EGRID Sibiegion U5 Average _

Total Emission Cutput Rate |401 a7 f !

R
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Steam Generation Cost for Natural Gas Boiler
* Boiler fired with Natural gas which has a higher heating value of 54,220 kJ/kg
*  HHV is 40,144 kJ/Nm?
» Steam generation: 20 Tph (all year round average)
* Fuel supply: 1,693 Nm¥hr (28 Nm¥min)
* Fuel cost: $1.0/Nm?3
* Determine the operating cost?
K_boiler =m_fuel x k_fuel = 1,693x1.0 = $1,693/hr

K_boiler = $1,693/hr x 8,760 = $14,800,000/yr

Section_3_55
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Steam Generation Cost for Natural Gas Boiler

K_boiler = mfuelxkfuel = 1,693x1.0 = §1,693/hr

K_boiler = $1,693/hrx8,760~$14,800,000 /yr
e Steam generation: 20 Tph (steady all year round)

e Determine the steam cost?

Boiler Operating Cost

K = .
skeam Steam Generation

o R 8
R T e T T
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MEASUR Boiler Section

(D 7ssessment Settings ([ Operatons B soiter @ Heacer @ ruoine
BOILER DETAILS HELP
Boier Combustion Eficiency 3 %] = Boiler Help
Caleulats Cfficency
Blowdown Rate i I | Enter measured data io cakulate your syslem's annual savings pofental
Cabulafo Blowdown Paia i
Is the blowidown flashed? No vl
Freneat Make-up Water with Slowdown No vl
Steam Temperature 30639 t|
Dezerator Vet Rate 041 %]
Deasraior Pressure Tﬁa | A |
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ASME Boiler Efficiency

American Society of Mechanical Engineers (ASME) has
established a comprehensive testing standard for fired
boilers

* ASME Power Test Code 4 (ASME PTC-4 )

—  Fuel efficiency (the same as the classic equation)
— Gross efficiency (includes auxiliary input streams)

* ASME PTC-4 describes two investigation methods

— Input/output (direct method)
— Energy balance (indirect method)

Section_3_58
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ASME - PTC 4 Determination of Boiler Efficiency

* Two generally accepted methods
*  Input-Output method

o Ou
Efficiency = Input

* Energy Balance method

Effici _ Input + Credits — Losses _—
fficiency = Tt X
Effici =l (Losses — Credits) —

fficiency = It

» Primary difference between the methods lies in accuracy of measurements and
identification of losses

Section_3_59 Source: ASME PTC 4 — 2008; Section 3-1.3; Pages 19-20
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Classic Boiler Efficiency

¢ Steam generating efficiency is defined as the heat absorbed by the steam
divided by the energy input of the fuel

Energy absorbed by steam

= x 100
Mooiter Fuel input energy

Msteam (hsteam = hfeedwater)
Mpyer HHVpye

Tboiter = X 100

e This equation can be applied to a boiler or a boiler plant

¢ This equation can be applied for an instantaneous snapshot or any defined
time-period (daily, month, annual, etc.)
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Typical Boiler Efficiency

¢ Atypical boiler will have an efficiency of ----?

75% 82% 87%
Wood Natural gas Oil and Coal

» Efficiency is dependent on several factors:
* Type of fuel
* Installed equipment and controls
¢ Boiler load, etc.

Section_3_61
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Steam Generation Efficiency

* Boiler fired with Natural gas which has a higher heating value of 54,220 kl/kg
HHV is 40,144 kJ/m?

* Steam generation: 20 Tph (steady all year round)

= Steam conditions: 25 bars, 375°C

» Boiler feedwater: 30 bars, 110°C

* Fuel supply: 1,693 Nm¥hr (28 Nm3¥/min)

* Fuel cost: $1.0/Nm?3

* Determine the boiler operating efficiency?

Section_3_62
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Energy Efficiency &
Renewable Energy
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B All Assassments
i M A
@ New &
= L xamples
& Steam Example
& Fan Exampla

wl A Emamiphe
tor Examplo
Ay

Hunt Exarmple

Fumt Exal

Data Exploration

Al Cadoulmtiars
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Steam Calculators

Steam Properies
Caiculate fhs propertes of steam, via IAPWS R7.O7

Saturated Properties
Caiculate the properties of saturated steam, via IAPWS R7-87

Stearmn Roduction
Cuantily the enargy savings associated with reducing steam use

Stack Loss
Determine the amount of heal lost in the boilar stack gas

Baoller
Drestermirne e amount of Tuel energy required 1o produce steam in boiler

1

1

s
-
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MEASUR Steam Calculators
e I STEAM PROPERTIES SRAFPH HELP
Pressure |25 [ma | T-5 Diagram
Known Vanabila | Termperaiure -
Temperatura |a7s I )
Pressure 25 bar 500
“mptra(uﬂ JTE °C
Specific Enthaipy 2,181.88 kikg =00
specific Entropy 8.9112 KJikg-K
Quality Gas ana

Specific Volums

Create Row - =~

0.1103 m¥kg

Hesel Dats |

Temperatae ()
g.'

Spacilic

- . Spocilic
e PY Quality [0 Ima o
{bar} (=) Enthalpy(kikg) [kJikg- Variable
K Entropy (kKiflkg-K)

3,161.68

69112 Gas  Temperaiure 01103 Dasiste
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™ l STEAM PROFPERTIES b il
Prassures |=0 | o |/ T-S Dlagram |
Knewn Varable | Tarnparatun ~ |
Ternperature [+10 <] a
Pressure 30 par Ll
Temperature 1MoC
Specitic Enthaipy A63.62 kJikg son
Specific Bntropy 14182 kdikg-K
Quality Liguid = s
Bpecitic Velums 00011 Mg i~
= . 5
- =%
"‘E 2009
Specific
Prassurs fempersturs  Specific  Enropy o Knawm i:d‘:r""': C =4
[teent) [} Enthanlpy (ko fag) (kg W Winnlalike i)
K Entrapy (KI/kg-K)
26 35 3 18700 68712 Gas Tarmperatrs 01103 Daleis
£ 1o Pl 14162 Liguid_Tamperauas 00017 Daleis T

Copy Table
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Steam Generation Efficiency

o = Meteam (hsseam = hfeedwal:er)
boiler —
mfuei HHVfueI

x 100

M,eur = 20,000 kg/hr

o hgeam= 3,181.9 ki/kg
= 25 bars, 375°C — superheated

*  hgeegwater = 463.5 ki/kg
= 30 bars, 110°C

o M= 1,693 m/hr
o HHV,,, = 40,144 ki/m?

*Steam tables provide thermodynamic information for steam and feedwater
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Steam Generation Efficiency

Mgteam (hsteam - hfeedwater)

_ x 100
Npoiler mfuei H HVfueI

_20,000(3,181.9 — 463.5)
Mboiter = 1693 X 40,144

X 100

Nboiter = 80.0%

Section_3_67
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' Typical Boiler
Efficiency Curve

e  Why is the efficiency

- 3 2
y = 0.0004x" - 0.0706x" + 4,1378x + 2.5843 not 100%?

R® = 0.9634

0 10 20 30 40 50 60 70 80 90 100
Boiler Load (% of Rated Capacity)
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Temperature

Feedwater Inlet
Steam Outlet
—\ —

Exhaust Gases

Radiatim

Convection
1 -
Boiler losses
1 Fly Ash
Blowdown
Fuel and Air
Bottom Ash
Section_3_69 Source: US DOE Steam BestPractices Program
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* Boiler efficiency can also be determined in an
indirect manner by determining the magnitude of

the losses
* Primary losses are typically
—  Shell loss

— Blowdown loss
— Stack loss

Npoiter = 100 — Losses

g

Nboiler = 100 — ﬂ-shell - /lblowdown - Astack - Ao_r;h'ér
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Key Points / Action Items

1. Determine boiler plant operating cost
2. Determine unit cost of steam generation

3. Determine boiler operating efficiency

n . Msteam (hsteam g hfeedwater)
boiler —
e Myyer HHVfuel

x 100

4, There are three major losses in steam generation — shell loss, blowdown loss and
stack loss 0

Mootter = 100 = Asnett = Aptowdown = Astack — Aghher
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Shell Loss Magnitude

* This is a very difficult number to evaluate accurately
* |t has to be done with extensive field measurements and heat transfer calculations

* The American Society of Mechanical Engineers (ASME) Power Test Code 4 (PTC-4)
identifies a calculation procedure to estimate boiler shell loss.
- ASME PTC-4-2008, Section 5.14.9, pages 91-92.

= Typically, this is NOT a big loss compared to the other losses
* Can be estimated based on load using BestPractices data

* Nevertheless, can be a potential improvement opportunity
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0.3

50 500 0.6 0.1
500 5,000 0.2 0.1
0.5 20 1.0 0.1

Source: US DOE Steam BestPractices Program

Example Boiler Shell Loss

MINISTRY OF

INDUSTRY AND TRADE

< Global @
+Gateway

the Eirspasn Unim  NDUSTRAL CEVELOPVENT CRGANIZATION

From an ASME type investigation the radiation and convection loss of the
boilers is ~0.5% of the total fuel energy input to the boilers

Total fuel energy cost ~$14,800,000 per year

This represents a boiler shell loss of ~$74,000/yr for the Natural gas boiler

Note: Actual monetary loss for each boiler will be different due to different fuel

prices and boiler sizes
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Shell Losses

* Full-load radiation and convection losses are typically:
* Less than 1.0% for water-tube hoilers
* Less than 0.5% for fire-tube boilers

= Shell loss percentage increases as boiler load decreases because shell loss
magnitude is essentially constant
*  Shell loss of ~0.5% at full-load will become ~2.0% at quarter-load

= The primary opportunity in this area is to reduce the number of boilers in operation to reduce the
total site shell loss

—  Stack loss impacts must be considered

* Reducing steam demand will NOT result in any change in shell loss..... Unless a
boiler is shut down!
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Stearn Outlet Blowdown I.OSSES
* Boiler water contains dissolved
minerals that are insoluble in steam
— * These minerals do NOT leave with
Feedwater steam

Inlet

* The concentration of these
chemicals increases as time goes on

*  Water is removed from the boiler to
maintain proper water chemistry

Blowdown
Surface & Bottom
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Boiler blowdown takes
several forms

* Surface
* Continuous

intermittent)
* Intermittent
Fuel and Air ""u--.’
Bottom blowdown L Botto m
{intermittent)
BT * Intermittent
Section_3_77 Source: US DOE Steam BestPractices Program
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Exhaust Gases
Feedwater Inlet Steam Outlet
\ Blowdown Control
* Conductivity must be

correlated to actual
water quality through

Conductivity specific analysis

— sensor  [rreeees
Fuel and Air
Sewer Y
Section_3_78 Source: US DOE Steam BestPractices Program
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5,000

3,000

Blowdown Mass Flow Rate (kg/hr)

Boiler Blowdown Rate (%)

Graph for boiler operating at 100 Tph steam flow rate

Boiler Blowdown Energy

* Boiler blowdown thermal
energy loss typically focuses on
continuous surface blowdown

+  Blowdown flow is represented
as percent of feedwater flow

_ Blowdown Flow

= 00
Feedwater Flow %4

* Mass balance on the boiler
provides blowdown flow

B
Mpjowdown = (1 —B Mgteam
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Blowdown Estimate

* |tis very rare to find a flowmeter that measures blowdown

*  Blowdown stream is saturated and flashes
= Two-phase flow is very difficult to measure

*  Flowmeters are subject to high fouling and two-phase conditions

* Chemical concentrations (such as chlorides and other chemicals) can be

measured to determine blowdown rate

* These concentrations can be correlated to conductivity

» Ratio of feedwater conductivity to blowdown conductivity provides a very good

estimate of boiler blowdown
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Example Natural gas Boiler / Steam System

* Boiler fired with natural gas which has a higher heating value of 54,220 kl/kg
+ HHVIis 40,144 klfm?

* Steam generation: 20 Tph (steady all year round)
+ Steam conditions: 25 bars; 375°C

* Boiler feedwater: 30 bars, 110°C

= Fuel supply: 1,693 Nm¥hr (28 Nm¥min)

*  Fuel cost: $1.0/Nm?

= Conductivity for blowdown = 2,000 umhos/cm

*  Conductivity for feedwater = 100 umhos/cm

* Makeup water temperature: 20°C

* Determine the amount of blowdown and the possible energy loss?
_
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Blowdown Energy Loss

Feedwater Conductivity

~ Blowdown Conductivity

100 @ 100 = 5.0%
B =350 -

0.05
Mpjowdown = (%) Metoam = (st) 20,000 = 1,052 kg/hr = 0.29 kg/s

Boiler

Q@vrowdown = mhtowdawwl(hbiowdawn = h}'eedwater) =0.29 (971.8 — 463.5) = 148 kW Evaluation

System

Qpiowdown = mblowdown(hb{owdown - hmakeup) = 0.29 (971.8 — 83.9) = 259 kW Evaluation
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Blowdown Energy Loss

* Boiler Efficiency Evaluation

. mbtowdowr:U"b!cl1vdow:1_"',r'eedw::rer] _ 0.29(971.8-46 .5) o o
Avtowdown = e x 100 = 220184 5) 3,600 x 100 = 0.79%

0.79
Energy Costpiawdown = Ablowdown % Operating Cost = 100 % 14,800,000 =~ $116,500

* System Efficiency Evaluation

- mmowdown(hblowdown T hmakeup) % 100 = 0.29 (9?1-8 — 83-9)

1 % 3,600 % 100 = 1.389
blowdown Meuet HHV et 1,693 (40,144) f“

1.38
Energy Costyiowdown = Apiowdown % Operating Cost = 100 x 14,800,000 = $204,000

Section_3_83
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2,000
.‘um
1,600 .
:
1,200 =
8 Boiler Blowdown
g l Energy Loss
[+
400
o

[} 10 20 30 40 50

Boiler Operating Pressure (bars)

Graph for boiler operating at 100 Tph steam flow rate; Make-up Water at 20°C
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Total Steam System Blowdown Energy Loss

B 0.05
Mpresitamm = (ITB Mgteam = 1005 150,000 = 7,895 kg/hr = 2.19 kg/s

* Will require total fuel energy supplied to all the boilers
* Can be calculated by doing analysis on each boiler or using average boiler efficiency
= Example system - 486.0 GJ/hr

*  Will require total fuel cost for all the boilers
* Can be calculated by doing analysis on each boiler or using average fuel cost
*  Example system - 6,605 S/hr
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Total Steam System Blowdown Energy Loss

* Boiler Efficiency Evaluation
mbﬂowdown(hmowdown = hfeedwater) 2.19 (971.8 — 463.5)
Aptowdawn = A=

Mpyer HHViyer "~ 486 x 1000 x 1000

% 3,600 x 100 = 0.80%

0.80
Energy Costypipwdown = Aplowdown X Qperating Cost = BT 6,605 x 8,760 = $463,000

= System Efficiency Evaluation

_ mh!t:wdown(hblowduwn = hmakeup) _ 2.19 (971.8 — 83.9) - :
Aotowdown = M et HHV et *100 = eex 1,000 % 1,000 ~ 2000 % 100:=1.40%
1.40
Energy Costyiowaown = Aniowdown X Operating Cost = 100 % 6,605 % 8,760 = $833,000
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MEASUR Calculator — Boiler Blowdown

B BOILER BLOWDOWN RATE

BASELINE MODIFICATION

RESULTS
Conductivity Readings Conductvity Readings [
Fesdwater Conductivity 100 usicm | Feedwater Conductivity | 200 Bl Rk 0 Tred 345
Blowdown CONGUCTIVITY | 5500 [iSam Blowdown Conductivity [S006° B AR am s 1621
Railer = Boller [492.64 470.21

Feadwaler Rata (ihr)

Steam Flow [asa | : | Sieam Flow }S‘pﬁ'ﬁﬁ- lm}i!

Sieam Temperature

Bteam Temparature 17 13223_502 1393.633
Boller EMciency |88 1% | Botler EMaiency .l lf;l imﬁiﬁ
Operations - Operabions 181,062,703
Operating Hours i o760 Trusivr Operating Hours : jgmm
Fual Cast [a.725580¢ Fuel Bost 151,192,472
Water Gost [LO00G5043012890] 5. | Water Cos |d.onoss043012830 = 5
w1 e
Temperature Temperature

[omee cee [T
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Stack Losses

* Stack losses are the largest of the boiler losses
» Stack losses are made up of two parts and
defined as Backpressure
*  Temperature losses
*  Combustion losses

* Combustion analysis is the method generally
used to determine stack losses
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Stack Loss Evaluation & Opportunities

* Need a minimum number of measurements
* (Can be via in-situ or portable instruments
* These measurements include:

* Stack exhaust gas temperature

*  Flue gas oxygen content

*  Ambient temperature

*  Fuel composition

*  Flue gas combustibles concentration

= Stack loss tables
* Combustion models (software)

Section_3 89
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Flue Gas |Flue Gas| Comb Stack Loss [% of fuel Higher Heating Value inpuf]
Oxygen | Oxygen | Conc
Content | Content Net Stack Temperature [A°C]
Wet Basis |Dry Basis| {Difference between flue gas exhaust temperature and ambient tem perature} Stack Loss - Natural
[ LA | [epm | 100] 128 156 183) 211] 239] 267] 204] 322) 350| 378 406 (535
1.0 1.2 ﬁl 13.6] 14.7] 15.8] 16.9] 18.0] 19.1] 20.2| 21.3] 22.4| 23.6| 24.7] 25.9
2.0 24 0| 13.8] 14.9( 16.1| 17.2| 18.4| 19.5| 20.7| 21.9] 23.1| 24.2| 25.4| 26.6
3.0 3.6 ﬁI 14.0( 15.2] 16.4] 17.6| 18.8] 20.0| 21.3| 22.5] 23.7| 25.0| 26.3| 27.5 * Stack loss table is
4.0 47 gl 14.2] 15.5] 16.7] 18.0] 19.3] 20.6[ 21.9] 23.2] 24.5 25.8] 27.2] 28.5 developed for
5.0 5.5 0| 14.5| 15.8( 17.2| 18.5| 19.9] 21.2| 22.6| 24.0] 25.4| 26.8| 28.2| 29.6 negligible
6.0 6.9 0] 14.8 16.2] 17.6] 19.1] 20.5| 22.0| 23.4| 24.9] 26.4| 27.8| 29.3| 30.8 AR
7.0 8.0 0] 15.1| 16.6( 18.1| 19.7| 21.2| 22.8| 24.3| 25.9] 27.5| 29.1| 30.7| 32.3 .
8.0 9.1 0] 15.5[ 17.1] 18.8] 20.4| 22.1] 23.7] 25.4] 27.1| 28.8] 30.5] 32.2[ 33.9 no condensation
9.0 10.1 0| 16.0] 17.7| 19.5| 21.2| 23.0| 24.8| 26.6) 28.5] 30.3| 32.1| 34.0| 35.8
10.0 1.1 0l 165 18.4] 20.3] 22.2| 24.2] 26.1] 28.1] 30.1] 32.1] 34.1] 36.1] 38.1
Actual Exhaust T [°C] 121| 149 177| 204 232| 260| 288| 316| 343| 371| 399 427
Ambient T [C] 0 241 2 2 2] 2] 2] 2| 21| 2] 2] 2
Section_3_90 Reference: Combustion mode| developed by Greg Harrell, Ph.D., P.E.
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Stack Loss using US DOE MEASUR

e Use US DOE MEASUR to determine stack loss and

A

stack

Section_3_91
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Type of fusl | Gas -

RESULTS

HELP:

Fugl | Typical Matural Gas - US v
Add N Fusl

Stack Gas Temperature I

Ambient Air Temperalure |50

Percent Cxygen Or Excess AIr? | Ex_te_ss Alr . _
Excess Air I [%

Malsture in Comoustion Alr |U.L_JO? 7 | T

Stack Loss 0.00 %
Beiler Combustion Efficiency 0.00 %

Generate Example Hesat Data |

Stack Loss (%)

0.0%

NOT limited to Steam boilers; Can be used for direct-fired process heaters, furnaces, etc
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Example Natural gas Boiler

«  Boiler fired with natural gas which has a higher heating value of 54,220 kl/kg
+ HHVis 40,144 k)/m?

*  Steam generation: 20 Tph (steady all year round)

= Steamn pressure: 25 bars; 375°C

*  Boiler feedwater: 30 bars, 110°C

= Fuel supply: 1,693 Nm¥hr (28 Nm¥min)

*  Fuel cost: $1.0/Nm3

*  Stack temperature: 200°C

*  Flue gas oxygen: 5%

*  Negligible combustibles were found in stack gas analysis
*  Ambient air temperature: 20°C

. Determine the stack loss and identify possible energy saving opportunities?

Section_3_93

w
- . Gateway-

i (TED NATORS
INDUSTRY AND TRADE The Eurngaan Unien  NDUSTREAL SEVELOPUENT CRGANZATON

Stack Loss - Natural Gas

ﬁ STACK LOSS

Typié of el [ % RESULTS HELP
Fuel | Typical Natural Gas - Us |

Aurlef N Fiaed iy

Stack Gas Temperafure |20C| "C | Stack Loss (‘}Ig)

Ambient Alr Temperature 20 |

Percent Cxygen Or Excess Alr? | OXygen in Fle Gas v|

Oxygen In Flue Gas B ]_|

Maisture in Combustion Air |c- | " |

Stack Loss 18.2% _

Boller Combustion Efficiency 8% 1 8 2%

Censrate Example [ Hessl Dats i

DO NOT use Moisture in Combustion Air — there is an error in that formulae
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Example Natural Gas Boiler Efficiency

Npoiter = 100 — Losses

Mhgiter = 100 —Agieii = Mpjowdown—Astach — other

Noiter = 100 — 0.5 — 0.79 — 18.2 — 0

Nboiter = 80-5%

Section_3_95
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Example MEASUR Boiler Efficiency

Nboiter = 100 — )‘s.‘}ell - Abiowd\own - Astack i lother

7 N
¥ u

FIXED (Magnitude) MEASUR calculates this internally
Does NOT change for IMPACT analysis

NmEeAsUR boiter = 100 = Astack = Aother
NMEASUR boiter = 100 —18.2 -0

NMEASUR boiter = 81.8%
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[+] 0.48342 0.4400 12.000
H; 0.3877 0.0550 2.016
CH.a 0.0000 0.0000 16.043
M 0.0144 0. 0300 28.013
co 0.0000 0.0000 28.011 l
CzH: (Ethylene) 0.0000 0.0000 28.054 Ex m St m
CoHy (Ethane) 0.0000 0.0000 30.020 a p e sv e
C3Hg (Fropane) 0.0000 0,0000 44,097
O 0.0295 0.0700 31.999 coal Sample
5 0.0021 0.0050 32.060
H.O (intrinsic) 0.0374 0.0500 18.015
H:O (extrinsic) 0,0000 10,0000 18.015
CO, 0.0000 0.0000 44010
CgHq005 (Cellulose) 0.,0000 Q.0000 162.140
Ash (Total 0.0546 0. 3500
Ay 0.0097 0.0735 101.961
5102 0.0345 0.1540 60.085
Fea.0, 0.0103 0.1225 159.692
Fuel Molecular Weight 13.4790 | kgfuel/kmolfuel
HHY 9,582 Btullbm 22.28 MJikgh 5,322 kcallkg
LHW 9,013 Btu/ibm 20.96 M.J/kgh 5,006 kcal/kg
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Stack Loss [% of fuel Higher Heating Value input]

Flue Gas |Flue Gas| Comb

Oxygen | Oxygen | Conc

Content | Content Net Stack Temperature [A°C]

Wet Basis |Dry Basis {Difference between flue gas exhaust temperature and ambient temperature} | Stack Loss — Example
[ | (opm] [ 100 128 56] 183 211 239 267] 204[ 322[ 350 378] 46| Syt Coal

1.0 1.1 of 9.7[ 10.8] 11.8] 12.9] 14.0[ 15.1] 16.2] 17.4] 18.5[ 19.6] 20.8[ 21.9

20 22 0| 98] 11.0] 12| 133[ 14.4] 15.6] 16.7[ 17.9] 10.1] 20.3] 21.4] 225

3.0 34 0| 101 11:2[ 12.4] 138 14.8] 16.0] 17.3 18.5] 19.7] 21.0] 22.2] 235 +  Stack loss table is
4.0 44 0| 10.3[ 11.5] 128] 14.0] 15.3] 16.6] 17.9] 19.2] 20.5] 21.8] 23.1] 244 developed for
5.0 55 of 10.5] 11.8] 132 145] 15.8 17.2] 18.5] 19.9] 21.3] 22.7] 24.0[ 25.4] Hegligible

6.0 6.6 0| 10.8] 12.2] 136] 15.0] 16.4] 17.9] 19.3] 20.7) 22.2] 23.7) 25.1] 26.6) buisiibl q
70 76] 0| 11.1] 126] 14.1] 156] 17.1) 186 20.2] 21.7) 23.3] 24.8| 26.4] 28.0 COmBUsURIES ah
8.0 8.6 0] 11.5[ 13.4] 14.7] 16.3] 17.9] 19.5] 21.2] 22.8] 24.5[ 26.2] 27.8] 20.5 no condensation
9.0 9.7 of 11.9] 136] 153 17.1] 18.8 20.6] 22.4] 24.1] 25.9] 27.7] 29.5] 313

10.0 107 of 124 143 16.1] 18.0] 19.9 21.8] 23.7 25.7] 27.6| 29.6] 31.5[ 335

Actual Exhaust T ['C] 121] 149] 177| 204| 232 260[ 288 316| 343] 371| 399] 427

Ambient T [°C] A0 A 24| 2| A| A| 2| 1| 2] 21| 21| 2

Section_3_98
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MEASUR Stack Loss — User Defined Fuel

ﬁ STACK LOSS GREATE FUEL

- Type of fug | Solidiigud ~]

Start with existing matenial | v

Flues | Typicai Biluminots Coal . LS - |
‘ Ao Mewr Fuel

Steck Sas Temperature I ! ! 1 ' Substance Names |New Fusel
Ambient Alr Temperature |15 555555555655557 <] caman Ic |
Percent Oxygen O Excess Alr? | Excess Air ~|

Hygiogen o [
Cxygen In Flug Gas 00.00 %

I

Excass Air ] | st ARl |@ |
Ambient Ar Temperature I | hiotstare ||:' | :
Moisture in Combustion Alr |'U'(J|:J;f".t T3] Nrmgen |[. |
Ash Discharge Temparatune I | o3 |i'i |
Unmunined Carbon in Ash ] ] T

Sulphus & |
Stack Loss 0.00 %

Anbeent Al Tamparaties ez
Boiler Combustion Efficiency 0.00 %

Gensrate Example | Aesst Data Heating Vaiue 00 Kiltkg
o . Difference 100 %
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Unburned Fuel Loss

* Fuels containing ash commonly present an energy
loss in the form of unburned fuel in the ash

The unburned fuel component is typically carbon

— The other fuel components are generally more reactive than carbon
- Also carbon is usually the dominant fuel component

Section_3_100




- Global @
e " Gateway-
MINISTRY OF

Nl (TED NATORS
NDUSTRY AND TRADE ihé Burspaan Unim  NOUSTRAL DEVELOPMENT ORGARIATHON

Loss On Ignition (LOI) Analysis

1. Measure the mass of the raw collected sample (ash and carbon)

2. Expose the collected sample to a combustion source for an extended period to
ensure all combustible material has reacted

3. Measure the mass of the remaining sample, which is ash alone.

LOI = Mearbon _ mc Me
Mearbon + Mash atone  Me Mg Mpuil sample
me = ———-—
£ (L LOI)

Section_3_101
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Loss On Ignition (LOI) Analysis
_LOI (my)
e =1 = LoD
MMy
Mg Lol (mﬁ'uet)

mrwe T T T -LON)

HHV
o Milcl
! ¢fHva
L 328064

" HHV ol
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Assessment Settings n Operations <l Boiler n Header

BOILER DETAILS

Boiler Combustion Efficiency 18 % Example System
Caltulste Efcency

Blowdown Rate |5 %

Calculate Biowdown Rate

I the blowdown flashed? | No v|

Preheat Make-up Water with Biowdown [ No vl

Steam Temperaiure: |3]|’5- |°C ]

Deaerator Vient Rate |u %%

Deaerator Pressure lo7 [ bar |

Section_3_103
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Blowdown & Flash Steam Recovery

* Blowdown Rate is given as a percentage of feedwater flow
* Typically refers to the continuous blowdown flow
* Calculations were done in the “Boiler Efficiency” section

* Flash steam can be recovered at low pressure (or deaerator) level
* Use pull-down menu to include it in the system
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Blowdown & Flash Steam Recovery

Blowdown

o N G B B S R S S S Q0 tn ;
E ToLP Biowdown

: £

: -

: __oown __§

)

H

¥

________ B
LP Flash| LP Vant
0.0 ml l 0.0 1IhI il
Blowdown Flash

Steam Recovery

LP Header
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Heat Recovery Component

There could be multiple heat exchanger-based recovery components that can
be modeled in MEASUR

* One example is the Boiler blowdown heat exchanger

The heat exchanger increases the make-up water temperature to the deaerator
and thereby, reduces amount of deaerator steam requirement
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Approach Temperature

+ Heat exchanger approach
temperature is defined as the
minimum allowable
temperature difference in the
heat exchanger

@ T, T, *  This temperature difference will
2 ATapproach = (T, - T,) not be satisfied if the energy

2 L content of the recovered stream
g

// is insufficient
T *  Typical values of approach

Location temperature are 3°Cto 10°C
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Boiler Blowdown Heat Recovery Exchanger

Blowdown Rate |5

Caleulate Blowdown Rale
Is the blowdown flashed? [ e ~ |
Preheat Make-up Water with Blowdown | Yes ~ |

Approach Temperature |5. | > |

> bar > Process
76 uhe  Usage
195. 1 GW/hr

bl 15798 t'hr 14 08 thr

()

-

0.7 ban

Blowdown HX
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Assessmert Settings [ Operations Boiler ) Header

BOILER DETAILS

Example System

Boiler Combustion Efficiency 81.8 % |
Calculste Eficiency
Blowdown Rate s [%]
Caleutete Blovwdown Rate
Is the blowdown flashed? [No v
Preheat Make-up Water with Biowdown |_Nc- vJ
Steam Temperature i3?5. | T |
Deaerator Vent Rate -io g l = J
Deaeraior Fressure o7 I ."u?;rJ
Section_3_109
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Deaeration

* Oxygen, carbon dioxide and other gases are soluble in water
* These chemicals are detrimental to the steam system

—  Oxygen results in corrasion generally in the form of pitting
—  Carbon dioxide results in corrosion generally from acidic condensate

* Open condensate receivers are a location where gases can become dissolved in
condensate

* Makeup water usually contains significant amounts of dissolved gases

* The solubility of gases in water decreases as temperature increases
= Deaeration is used to reduce the effects of dissolved gases

Section_3_110
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16 \
N
12
E o~ 0.7 bar
E rj - -
£ \ Solubility of
£ 8 . P v
S By ‘\\ 0 bar Oxygen in Water
s P
o 4 — ""'-...__-_‘
T — llu..\
0 \
0 10 25 40 50 60 70 80 S0 100 230
Temperature [°C]
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Deaerator
Feedwater inlet _» & \ent Vent flow is specified in
MEASUR as a percentage
of boiler feedwater flow
Steaminlet q

Deaerator receives low-
pressure steam but can
operate at a pressure lower
than this

Liquid storage

To boiler feedwater pump

37
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MEASUR Calculator - Deaerator
i) oy
“ DEAERATOR RESULTS HELP
Deaerator Pressure |o_3 =" Inlet Water  Steam | Vent Steam w
went Rate 0.0 [ s L 05|
Feedwater Mass Flow [20 e o 3y W4 | 10ra
Walsi 841 . 2.??32 26871 150.4
S e = azss | sosa | yar | 1w
Known Varable | Temperatuie ~ I_Jl’j"d | G?E e LW
- EESTT S o | =
Temperature Vake |zc Sl :
14 76 0 g
Steam
Known Variable [ auamy ~
Qualily Vale
Ganerate Example Resst Data |
Section_3_113
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Process Steam Demand Evaluation

* MEASUR is a “pull type” model
=  Process steam flows “pull” steam through the boiler
= Typically modeling activities strive to match general boiler load

* Process steam flows are established by:
* Direct continuous flow measurement
* Direct intermittent flow measurement
= Mass balance
* Energy balance
= System or Process design information
* Empirical standards or data

Fermtt iy
The Essrtgman Unim INDUSTRAL CEVELOPWENT QRGANIATION
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Flow Measurements

« Steam flow measurement is typically completed by conventional flow
meters
= Orifice plates
* Vortex generators

* Condensate flow measurement is often completed by intermittent field
observations
*  Timed volume capture
— Condensate receiver fill and discharge
—  Known volume fill

Section_3_115
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Mass & Energy Balances

* Conservation of mass principle can often be applied very effectively
Zm,=Xm,

* The first law of thermodynamics (energy balance) for heat exchange is typically
applied to:
* Steam alone
= Heated material alone
. “ _ For constant specific heats and when enthalpy is a
Q xR ((‘ F )1' (T T ')I } function of temperature only

Q L= m oy (.k —h ,-)J } When material enthalpies are known

Q o Q . } Typical heat exchanger applications
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Example Steam System

* Pressure levels for steam distribution (end use)
* High pressure — 25 bars (g)
*  Medium pressure — 10 bars (g)
* Low pressure — 2 bars (g)

* Process Demands
*  High pressure — 20 Tph
*  Medium pressure — 40 Tph
* Low pressure — 76 Tph

* Assume “NO” Desuperheating

Assume “NO” heat loss from system headers

Section_3_117
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Letdowns / PRVs

* Pressure Reducing Valves (PRVs) are most prevalent method of reducing
pressure in a steam system

* A steam system will have one or more PRVs between two headers

* Not all PRVs maybe controlling header pressures

Section_3_118




Desuperheating
Feed water

HP,

129.3 th
I 0.0th __

129.3 th

360 C 4"
MP,

88.9 t/h
I 0.0th __

88.9 t/h

352 C 4
LP,

8

MINSSTRY OF

INDUSTRY AND TRADE

< Global
'-Gateway-

Fuamidees
he Eurspesn Union

UNITED NATIONS
INDUSTRIAL DEVELOPVENT ORGANIZATION

Letdowns / PRVs

L]

Steam temperature at the
outlet of the PRVs is
controlled by feedwater
(Desuperheaters)

Mainly done for

*  Protecting equipment

¢ Design conditions

*  Reducing pressure drop

Section_3_119
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MEASUR Calculator — Pressure Reducing Valve

Gunerate Examplo

Reset Data |

i
@ PRV RESULTS HELP
Inlet Steam In Steam Out Feadwater
Fressurs |zu | bar |  Pressure (bar) 20 10 25
- 3 =

Known Variabie [ Temperature = | :--Tampsmw {°c) | 376 250 110
A 7 < ,Lsn. Enthalpy (kJ/kg) | 31912 29384 4632
I [0 i Sp. Entropy (klika-K) | 7.021 | 6877 1417
Outiet Fressure [0 [5r] Quality | em | Gas Liquid

) Mass Flow [thr) | 100 11017 1017

With Desuperheating - | Energy Flow (GJrho) | e s g
Feedvaier
Pressure 25 ag | Copy Table
Known Variable | Temperatuie v
Temperature Value iﬁ.g | C |
Cesuperheating Temperature Esd] [< |

Section_3_120
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MEASUR Calculator — Heat Loss
@ HEAT LOSS RESULTS HELP
Pressurs 25 | o | P&mﬁtloqﬁ 1%
Known Varianie Temperaturs v | 05 G
Temperatute Vaiue 375 [=]
Mass Fiow 30 | :_| | tnlet atcam Outlet Steam
%5 Heal Loss 1 | | 5 %
3rs 361
Genzeals Exanple Gas Gas
2 E)]
. | sis1e 31501
Specific Entropy (kifkg-K) 6971 £862

Copy Table

Section_3_121

Example Steam System

Condensate Return

Temperature —65°C

Temperature in the condensate return tank or in the condensate return head
deaerator

Condensate Recovery
On all headers is 50%

No condensate is flashed

Assume “NO” steam turbines in the system

i‘ 2 ‘i 3
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er going to the
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Process Condensate

* The condensate receiver operates at atmospheric pressure

* The condensate return temperature provides an indication of the energy loss
associated with the condensate return system

* Condensate recovery percentage describes the amount of process steam
recovered in the condensate system

* Flash steam recovery systems allow recovered condensate to flash steam into
lower-pressure steam systems

* Makeup water temperature impacts condensate related projects

Section_3_123
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Condensate Tank Vent Exchanger

* The condensate receiver operates at atmospheric pressure

* Condensate entering the receiver with a temperature greater than atmospheric pressure
saturation temperature (100°C) will flash

— This flash steam can be recovered by make-up water energy recovery

Section_3_124
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Condensate Tank Vent Exchanger (cont.)

Makeup
water

Flash steam
vented

Flash steam
recovered

High-
temperature
condensate

High-
temperature
condensate

Condensate Receiver Vent Loss Condensate Receiver Energy Recovery

Section_3_125
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MEASUR Calculator — Flash Tank

n

@ FLASH TANK RESULTS HELP

Pressure 20 [bar i . | Inet | Steam Qut | Liquid Out |

Known Variabie Quality v | %Pressure {har) | = | 10 | 10 |

Qualty Value 5 | Temperature (<) | 2149 1| e ‘

Mass Flow 10 [ | Sp. Enthalpy (kJfkg) | 5201 | 27807 714 |

Tank Pressurs 10 [tar| Sp. Entropy (kJikg-K) | 24 6582 | 2178 |
Quality | quum | Gas Liquid |
| Energy Flow (GJihr) | 52 | 13 | 73 |

Section_3_126
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System Setup
[ = [EEIES

HEADER DETAILS

- Number Of Headers

E

Detete Modificalions {0 Adjus! Numbear of Headars

Condensate Return

Cond Rewrn Temyg
Flash Condensate Return

High Pressure Header

=

[ o

Pressure

Process Steam U=sage
Condensate Recovery Rate
Heat Loss

Medium Pressure Header

FPressure

Process Steam Usage

Condensate Recovery Rate

Flash Condensate Coming into Header
Heat Loss

Desuperneat Steam out of Highest Pressure
Header

|.NU

Example System

Section_3_127
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a Boiler

High Fressure Heaadar

Fressure

Frocess Steam Usage
Caondensate Recovery Rate
Heat Loss

Medum Pressure Header

Pressure

Process Steam Usage

Condensata Recovery Rate

Flash Condensate Coming into Hesders
Heat Loss

Desuperheat Steam oul of Highes! Pressurs
Header

Low Pressure Header

FPressure

Frocess Steam Usage

Condensate Recovery Rate

Flash Condensate Soming into Header
Hoat Loss

Desuperheat Steam out of Medium Presaure
Header

Example System

Section_3_128
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a Boiler
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) Header

a Turbine

TURBINE DETAILS

HELP

[ Condensing Turbine

[ High Pressure to Low Pressure

[ High Pressure to Medium Pressure

[ Medium Pressure to Low Pressure

DO NOT select any boxes

Turbine Help

Enter measured data to calculate yi

Section_3_129

152,62 thr

Boller

LYY

508.1 GJ/hr
24 har

803 vhr

bl 15262 Uhr

G262 WUhr

2 bar
e

0
==

0. biar

Click-an and

-' 3 *l
+ Global
«Gateway
MINISTRY OF [ UNTED NATINE
INDUSTRY AND TRADE rop AL
and for more
detalls
20 A'hr
442 Gllhe

40 1
86 GJihr

ES
76 e

1981 Gdihe

Process
Usage

Example System
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Low-pressure Header Vent

88.3 th :
355 C -0.9 barg!
LP,
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LP Flash LP Vent
0.0th 0.0th

* The low-pressure header can operate in an “unbalanced” state

= This can develop in steam systems by:

—  Operating more backpressure turbines than necessary

—  Poorcontrol strategies

* The low-pressure vent should always be a point of investigation

—  From the physical site operations standpaint

—  Fram the MEASUR model standpoint

Section_3_131

STEAM SYSTEM SUMMARY

| Stoam Gaonarated

1526 thhr
Total Operating Cost
$116.097 682
€Oz Emissions (tonna COatyr)
Emissions From Fuel 223,845 .22
Emissions From En ity 1 ]

Emiaslons From Change in

Electricity Imports o
Fual
Boller Fuel Use | 4,451.088.07 Gliyr
Bollar Fual Coat (§) | §111,377,202
Eleetricity
Elactriclty Generated 0 KWW
Electiciy imparied | 5000w
Electrichy Cost ($) £4, 380,000
Makea-Lip Water
Make-LUp Water Required 667,242 78 m®
Maka-up Water Cost (3) | 5440380

Section_3_132
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Example System

* Do we agree with all these
numbers?

- * If yes, which ones do we agree?

* |f no, which ones do we NOT
agree?
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(2 Steam Exampie
Eusculive Surmtiary  Erviwgy Summary | Loswss  Digrem  Fpert Giaghst oot Sonwsry  Faclly bole Bty
- Example System
Anus Gaam Seviem
Compaing Cont 57 TN 58
0 s fore €151 Disan .
e : * Remember: Impact Analysis
Do Sy} FE
ey '
gt ) 500
Farf i R
=] w2
Bone Fush A £ T
Maba s Wase ] aup
Fiw mrvimen! T
Wl L Do we agree with all these numbers?
o o ]- If yes, which ones do we agree?
P Sheam Cast (3] i
e ot If no, which ones do we NOT agree?
Enteaory From Beliry
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Marginal Steam Costs

* Marginal costs are determined based on supplying an additional 1 Tph of
additional steam from a header

* Marginal steam costs are typically used when analyzing
*  Steam leaks
*  Process changes
*  Elimination or institution of nominal steam use

* Marginal steam costs are impacted by condensate return — Amount; Temperature

Section_3_134
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tack Loss 92 G1/br (18.0%)
Bilowdown Loss B GYhr {1.5%)

o s i 554 Example System
— Sankey Plot

e Condansate 47 Gifhr (5.16)

i Condensate 78 Glfhr (15.1%)

* Oser Losses include: Hign Pressure Heades Msdium Pressies Header, Low Pressie Header, Condesale. Deaeraior Ven!. Condsnsala Flash Tank
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Saving the Assessment File — Very Important!

Loss Percent Loss Energy [l

L]
Engrgy Eficiancy & =)
Rerersabln Energy ALL S33TENRENTS |NFE
- e
o
oy ks St ey
T T a o
1 mman e T uma
a1 ammms s ol Hmai
Pmncm s
[
| AL ASSERSUENTS PR ASRELENT Pr— o
P
! Aatd Brw At | Semsery B e
o
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Saving the Assessment File — Very Important!

Data to be exported %

Assessments
[wi Steam Example

I Canc.e{. | Meame your e T

ot 2 MG P .
Downloads B a «= =

y test (1}json

! Ogenfite

;. Testjsen
— Dpen fils
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MEASUR 1-Header Model Student Exercise

* Using the example system with the Natural gas boiler as the impact boiler, build
a model to accurately reflect steam impact (marginal) costs and economic
benefits of saving 1 Tph of steam

= Steam generated ~20 Tph from the Natural gas boiler
* Steam conditions: 25 bars, 375°C

* Make up water: 20°C

* Condensate temperature: 65°C

* Condensate return: 50%

Section_3_138
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Section 4: Combined Heat & Power (Cogeneration)
* Fundamentals of Turbines
e Backpressure Turbines
¢ Modeling Backpressure Turbines in MEASUR
* Hands-On Student Exercise
* Condensing Turbines
* Modeling Condensing Turbines in MEASUR

Section_4_1
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Boiler Number 1 Boiler Number 2 Boiler Number 3
Coal Heavy Fuel 0il (HFO) Natural Gas
1T
—

.............. © Blowdown = Purchased
Eler.trig'tg,r

HP process E

steamn demand 2

h J

EEEEE s EEEEEIEEEEEEEIESEEEEEIEsEEEEEIEEE ETTLLLLLLLIL L

e mil_sargrseananare 3
| —H Site electrical
= demand

Steam

Makeup water
Pracess condensate

Turbine condensate System

. v
Discharge to sewer

Indicates a flow meter
installation

Section_4_2
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What is a Turbine?

* Energy Conversion Device

Potential / Kinetic / Pressure / Thermal Energy

Rotational Shaft Energy

Section_4_3
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Users of Steam Turbines in Industry

* Heavy Steam Turbine Users
* Petrochemicals
= Petroleum Refining
*  Forest Products (Pulp & Paper)
* Rubber
*  Pharmaceuticals
*  Manufacturing Assembly

* Medium & Small Steam Turbine Users
* Food & Beverage
*  Plastics
* Electronics
= Metal Fabrication

Section_4_4
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Steam turbine drives commonly used in
industry

* Direct power generation

* Boiler feed water pumps

* Cooling tower water pumps
* Chilled water pumps

* Boiler forced draft fans

* Exhaust fans

* Air compressors

* Refrigeration machines

¢ Chiller systems

« Other utility services

Section_4_5
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+*  Many different kinds
Backpressure
*  Condensing
= Extraction
Combination

« Different size and efficiency ranges

*  Backpressure turbines are used in
lieu of letdown stations and in
parallel with letdown stations

* Condensing turbines provide

maximum shaft power per unit of
steam flow
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Backpressure Steam Turbines
* Backpressure steam turbines discharge steam at a pressure greater than
(or equal to) atmospheric pressure

Stop valve
>

Overspeed
trip valve
Hand valve
Y k
Single Stage Backpressure Turbine Multistage Backpressure Turbine
Section_4_7
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Stop valve
Backpressure Steam
L g -
Turbines
Overspeed
trip valve

* Very common

Hand valve * Simplest form

* Works against a
backpressure

* Exhausts to a process load
or steam header

* An excellent candidate for
industrial applications

¥

Single Stage Backpressure Turbine

Section_4_8
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Extraction Steam Turbines

*  Very common in plants that
have multiple steam pressure
headers

«  Works against a backpressure

* Exhausts to a process load,
steam header or a condenser

* An excellent candidate for
balancing headers &
eliminating steam venting

Extraction Turbine

Section_4_9
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Condensing Steam Turbines

* The industry workhorse for
power generation

*  Will always have an associated
steam condenser

* Exhausts to vacuum

* Highest operating pressure
ratios

* Multistage and may even have
two or three sections

*  Very large sizes

Condensing Turbine

* Lowest steam rates

Section_4_10
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Typical Industrial Steam Turbines Operations

* Operating pressures
*  Minimum — 10 bars (for backpressure)
= Maximum — 100 bars
= Vacuum conditions can exist at the exhaust!

* QOperating steam temperatures
* Saturated or a few degrees of superheat
+  Maximum — 200°C superheat

* Summary — Steam turbine technology is very diverse and operates over a broad
range of pressures and temperatures

Section_4_11
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Turbine First Law Efficiency

* An energy balance conducted on a steam turbine will reveal an exceptionally
high efficiency

» Essentially all of the energy taken out of the steam is converted into shaft energy

Vot 100%
Filisteam (hl - he)

» Steam turbines operate with only minor “losses”
*  Bearing friction
= Heat transfer
= Gland losses

7? first faw =

Section_4_12
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The Perfect Turbine

* Steam turbines are evaluated using the Second
Law of Thermodynamics

* The Second Law of Thermodynamics identifies that
thermal energy cannot be converted completely into

power
—  Power can be converted completely into thermal energy

* This defines the maximum amount of shaft
power that could possibly be produced (based
on the laws of physics)

= This defines a perfect turbine, which would operate
isentropically

— Isentropic is constant entropy (no losses)
- Mo entropy generation

Section_4_13
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Isentropic Efficiency

* Steam turbine efficiency is described as isentropic efficiency
* Essentially all of the energy taken out of the steam is converted into shaft energy

Actual Work W

N isentropic = ] i
isentropic ]sentropzc Work W;‘gemropfc

n m steam (hiﬂ!'?f c hém"i‘ )ﬂcmaf _ (hl ;o h 4 )acmm'
isentropic ~ -
m steam (h inlet h exit )fsen(mpff (h i h B)Lgenfrgpfc
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Isentropic Efficiency

* Steam turbine efficiency is not “like” boiler efficiency
* Turbine isentropic efficiency is a comparison of the actual turbine operation to that of a perfect
turbine operating with the same inlet conditions and outlet pressure
= Isentropic efficiency is a description of how much mechanical energy is developed from thermal
energy

* The steam exiting the turbine contains a significant amount of useful thermal
energy
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Typical Steam Turbine Efficiency

U s _ 20% 0 80%

(h in _-h out )isem‘ropr’c

* Major contributors to isentropic efficiency
= Turhine design

*  Control valve type
—  Single valve —throttle

ni«emmpic 2

—  Multi-valve - flow nozzles

*  Will need this information for ANY turbine analysis

Section_4_19
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Steam Turbine Efficiency

* Generally, single stage turbines operate with lower isentropic efficiency than
multistage turbines

* Increasing steam path area (diameter) decreases losses
—  Steam exhaust velocity and wall friction decrease

= Single stage turbines are typically more efficient than multistage turbines for
small capacity machines

Section_4_20
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Steam Turbine Efficiency

Y v

Single Stage Backpressure Turbine Multistage Backpressure Turbine
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Steam Turbine Efficiency

* Three methods of obtaining isentropic turbine efficiency
* Manufacturer specifications

—  Turbine maps / performance curves

—  Excellent starting point — for new designs also

» Steam inlet and outlet conditions known
+ Superheated inlet along with superheated outlet is the most common and easiest to utilize
= Will NOT work with saturated outlets (quality < 1)

= Steam inlet conditions and power generation known
*  Typically used for electrical power generation units
*  Mass flow rate of steam will be required
= Alternate option may exist for direct mechanical driven equipment but with higher uncertainty

Section_4_22
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Turbine Efficiency from Inlet and Outlet Steam Conditions

* Method 2

* Turbine performance can be determined from inlet and outlet steam conditions
and steam properties associated at those conditions

Section_4_23
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Steam Turbine Efficiency

* For superheated steam
conditions at the turbine inlet

and outlet

* Pressure and temperature
measurements of
superheated steam allow all
of the thermodynamic
properties to be known

Superheated Inlet P and T

Superheated Exit Pand T
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25 bars Actual Operating Conditions
375°C
21 Tph
h=3,180.9 ki/kg

5=6.909 kl/kg-K

1,000 kW 21,000

W hafi mm’mm (h.-'_he)m_.." = 3.600 {1‘]30 9-3,009 _3]

. 3 — | hp =
W oo 1,000 kW = 1,000 W[io_m }&'W] 1,340 Ap
2 bars
271°C
21 Tph
h=3,009.8 ki/kg

5=7.594 kifkg-K

Section_4_25
.“_“‘-' i. 5 'l
i Global N
MINISTRY OF . Gateway [ UMITED NATIONE
INDUSTRY AND TRADE tha Eisrmpasn Unles NDUSTRAL CEVELOPVENT QRGANIATION
Isentropic Conditions
_

25 bars 21000
3ISC g Sinan s st i
21 Tph 2,850 kW Wmn_mmw(kf he)\nm_ 3,600 (3'180'9 2.692.0)
h=3,180.9 klfkg
5=6.909 ki/kg-K

. Lhp

=2850 kW =2850 kW| ————— |=3.825 1
W‘*“f’ [O.T%kﬂr’) 4

2 bars

5=6.909 ki/kg-K

21 Tph

hisentrapic = 2,692.0 kl/kg
Tisentropic= 133.7°C
Quality = 0.985
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 —
25 bars
375°C
21 Tph
h =3,180.9 ki/kg 2,850 kw

$=6.909 ki/kg-K

2 bars 2 bars
271°C $=6.909 ki/kg-K
21 Tph 21 Tph
h =3,009.8 kl/kg hisentropic = 2,692.0 ki/kg
$=7.594 ki/kg-K Tisentropic= 133.7°C
l Quality = 0.985

(h,-nze,—hex,-t),w,ual _ (3,180.9-3,009.8) 171.1

_ _ - =035
nisentropic (h ’ ,_h 't) ) (3,1 80_9 — 2,6920) 4889
inle exit Jisentropic
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Soller Deaeraior Flash Tank Header HeatLoss Pressure R Valve ed Froper Sta
W STEAM TURBINE
Solve For

e - Steam Turbine
e 5 - Calculator - MEASUR

Known Variablz Temperaturs. i

Temperature Valus 378 [E>

Turbine Properfies

Mrnperly Mass Flow -
Mass Flow =] | e
Ganarator Efflcancy [100 I
Outiet Steam

Pressura 12 | T
Known Variable Temperature ~
Temperature Valus 271 E=

| Resat cata
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g ey Be
Energy Out 1661
e =
599 4 KW
| . _— - Steam Turbine
eT' s
o . ) 5 Calculator - MEASUR
?Tw{mlmre Q i 1387 bl
Prase s 058 o
Sp. Enthalpy {kfkg) 31818 2683 30108
S oy (kg 891 (] 755
. Mass Fiow {thr) pal =i bl
ey Fow (6 68 — =
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Turbine Efficiency from Steam Conditions and Power

Production

¢ Method 3

e Turbine performance can be determined from inlet steam properties and power

production

Section_4_30
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Steam Turbine
Generator Efficiency

Expaort power

InletPand T

* Steam turbines coupled
with electric generators
provide an additional
mechanism for calculating
turbine isentropic
efficiency

* Additional measurements
are required to allow the

v efficiency determination

*  This is typically the only
practical method to evaluate
condensing turbine efficiency

E.D.:

Steam flow

Electric generator

Exit P
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Steam Turbine Efficiency

Measured export power = 950 kW

Generator efficient w: 955

25 bars

375°C

21 Tph

h =3,180.9 ki/kg
5=6.909 ki/lkg-K

2 bars
5=6.909 ki/kg-K
21 Tph

2 bars hisentropic = 2,692.0 kJ/kg
Tisentropic= 133.7°C
Quality = 0.985
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Steam Turbine Efficiency

Wgenemwr = 950 kW

Generator Work Wgt,,mm,, 950 kW

??gffnerawr = = o g =0.95
Turbine Shaft Work — py/

turbine turbine
W =1000kW
turbine
_ Actual Turbine Work W e WW

i ngm ms' (h F'_hf)isen

n.-_qg,moprc Isentropic Work n /4
g{_’ﬂi‘!'ﬂ](}?'

isen

b0
UMHTED MATIORS
NOUSTRIAL DEVELOMBENT DRGANZATON
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25 bars

375°C

21 Tph

h = 3,180.9 ki/kg
$=6.909 ki/kg-K

2 bars
5=6.909 k/kg-K

21 Tph
h =2,692.0 ki/kg
Thsntropic= 133.7°C

Quality = 0.985

isentropic

2 hars

v

_ 950 kW 3,600 1

= =0.35
pepic 0,95 21,000% (3,180.9 4 ~2,692.0 )
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Steam Turbine
Calculator —- MEASUR

Solve For
[ Emiropts EffEancy ¥l * If the steam turbine
I Stean is “ ”
Pressure = To outlet is “saturated
Kriown Verlable | Temperature ~ (Wet)
Temperatioe Vihis EiS =]
Tubine Properties * lIterate on the calculator
Selected Turbine Property | Mass Flow o~ usi ng ”q uality" to match
Mass Flow |_21 Wt l..
Genarator Efickency |1UO power generated
SRR *  Steam flow will be
Prossure .
Known Vbl required
Temperature Vakia
Enthalpy
Entropy
Quality
Section_4_35
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Cutlet Steam
Pressure E far |
Known Varizble | Temperature v
- Temperature Valse | 1337 | G
Steam Turbine
Calculator -
Inlet Outlet [deal Cutlet
Temperature (°C) 275 1337 1337
Phase Gas 09 Gas | qumm
Sp. Enthalpy (kJ'ka) 319 2593 27251
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Chitiat Steam
Pressure 2 bar
Known Variablz [ Temperature ~|
- Temperature Value [133.65 [
iseniropic Efficiency 5359% G ’
e o I Steam Turbine
| Generator Effiency 0% l Calculator -
Power Out 15,2827 kW | MEASUR
Inlet Outlet ideal Outlet
Prassure (bar) | > 2 2
Temperaturs °C) 375 1337 1236 |
Prase . o 1% lgid
$p. Enthalpy (kdikg) 31819 2,693 562
Sp. Entropy (kJ/kg-K) | s a9i1 wern |
Mzss Flow {thr) 2 == 2 }
o e - i |
e e ——— L ————
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Steam Rate

* Steam rate is an expression used to describe the amount of steam required to
produce a specific amount of power
* Theoretical steam rate is the ideal steam rate
= Actual steam rate is the real world steam rate

.
M sieam

_ 1
Wf.\\'ﬂ.'rwﬁ(' lh] = h Zism}

Theoretical Steam Rate =TSR =

Actual Steam Rate = ASR = M = 1

W o Gil_hzj

_ Jk
Uj'wn ASR
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Steam Rate Factors

* Changing turbine inlet or outlet conditions will not impact isentropic efficiency
significantly
* Steam rate will change dramatically if conditions are changed

* Throttling the inlet of a steam turbine will impact the overall isentropic
efficiency (valve inlet to turbine outlet)
* The isentropic efficiency of the turbine will not change significantly (turbine inlet to outlet)
*  Steam rate will change dramatically

Section_4_39
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120
Exhaust Pressure = 10 bars Inlet Pressure = 25 bars

100 Inlet Temperature = 375°C
g
% " Steam Rate &
% : Efficiency
& Exhaust Pressure =2 bars
§ 40

20

a
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Turbine Efficiency (%)
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Steam Turbine
Speed

Shaft Power (HP)

ondhBREEEEBRERINBERER

0 200 400 800 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3500 3800 4000 4200 4400 4600
Speed (rpm)
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MEASUR Steam Turbine Applications

» Total Site Electrical Demand is held constant in MEASUR project evaluations
* Power produced by the turbines reduces the Power Import

* MEASUR incorporates a maximum of only four turbines

+ HP-LP
«  HP-MP
« MP-LP

*  HP-Condensing
The Impact Turbine must be modeled

« MEASUR allows actual performance to be incorporated into the analysis
*  Turbine efficiency

*  Pressure reducing valve interaction
—  Turbine capacity and contral

Section_4_42
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Assessment Settings. aoperaﬁaﬂs

B Baiter n Header

B'mrtine

TURBINE DETAILS

HELE

Condensing Turbine

Izentropic Efciency

Generator EMciency

Condenser Pressurg

Crperation Type

Flzed Flow

High Pressime to Low Pressure
tszntropic Eficizncy

Generator Eficiency

Cperation Type

High Pressuse to Medium Pressure

s
{100

0.15

Steam Flow

|B

|65

{100

Balancs Headsr

Isentropic Efciency
Generator Efficiency
Gperation Type

Pedium Pressure to Low Pressure

=
100

Balance Header

Turbine Help

Emer maasured data

Ciperation Type

semenie  Steam Turbines
e in MEASUR

Isentropic Eficiency |55
Generator Eficiency 100 [
Crperation Type Stearn Flow »
Fleed Flow 10 [
Section_4_43
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High Pressire to Low Pressure
Isentropic Efficienc 85 Lt . .
e | Steam Turbines in
Generator Efficiency 100 % MEASUR
Cperation Tvpe Balanica Header v
?ﬂ:ﬂ;“mun e Each steam turbine
O inuded in the system
Pmuerange will need to be
Flon Range configured for efficiency
Balancs Header o & control options
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Steam Turbines Schematically in MEASUR

25 bar

b 0558 vhr

e — i e
PRV HP 1o MP / HF 1o LP
Turbine Turbina
e tr
1,256.7 kW K 75544 KW W

902 Gihr

PRV

2 bar > o
TEtfhr  YSA0R
0 tihr I 174.8 GJ/hr
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Steam Turbines in MEASUR

* Each steam turbine included in the system will need a steam turbine isentropic
efficiency
*  Manufacturers’ data
* Calculated from steam input and output conditions for superheated cases
* Calculated from power generated and steam input and outlet pressure
— Generator efficiency needs to be included in the calculations

* Turbine operations are satisfied, then low-pressure demands are satisfied with
PRV operation
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Steam Turbines in MEASUR

* There are three different options to setup the turbine operations

*  Steam flow to the turbine balances the “output” header demand
— This is also the Default option

*  Turbine set up as fixed operation
—  Fixed steam flow
— Fixed power generation

= Turbine setup to operate between minimum and maximum limits
— Steam flow
— Power generation

* Turbine NOT operating

Section_4_47
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High-pressure steam supply

Steam Balance Control

*  The MEASUR model must be
established to accurately
describe the impact a change in
steam demand (or operating

L
: conditions) will have on the
) system
2 +  The impact component must be
i established
Reduced pressure — Steam can pass through a
steam demand turbine

— Steam can pass through a
pressure reducing valve
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Turbine Control of Steam
Balance

* Turbine balances reduced-
pressure header
*  The capacity of the turbine is
limitless

*  Anychange in low-pressure steam
demand will result in a change in
steam flow through the turbine

Reduced pressure

steam demand

Section_4_49

High-pressure steam supply
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Reduced pressure .

steam demand
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Fixed Turbine — PRV
Steam Balance Control

* Turbine is operating based on

fixed conditions

*  Steam flow cannot vary through the

turbine

*  Anychange in low-pressure steam
demand will result in a change in
steam flow through the PRV
Process turbines are typically
modeled in this manner
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High-pressure steam supply
Maximum-Minimum

Steam Balance Control

* The turbine can be forced to
operate between a minimum
and maximum steam flow

*  The PRV will supply additional steam
if the turbine capacity limit is
. reached

>

anmny

»  This provides a realistic limitation
Reduced pressure based on the capacity of the turbines

steam demand
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High-pressure steam supply

Turbine On-Off Control

* The turbine can be turned
“on” in the Base model and
“off” in the Assessment
model

*  The turbine can be turned “off”
in the Base model and “on” in
the Assessment model

amnwy

-

Reduced pressure
steam demand
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Electrical impact Backpressure Turbine

cost: 50.10/kWh  Modeling — Example System

anmny

=

>

Low-pressure
steam: 2 bars

* Open the 3-Header Example
System Model and set up the
HP-LP turbine with the
following configuration

*  Steam turbine flow of ~21.0 Tph
*  Turbine isentropic efficiency = 35%

* Model the economic impact of
saving 1 Tph HP and 1 Tph LP
steam
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O o STEAM EXAMPLE i
- i Opening a SAVED
Baseline Data: MEASUR File
Annuzl Energy Lize: 4712424 GJ
Annual Energy Costs: $118.253,716 *  Open MEASUR — Installed or
Modification Data: Online version
Numbar of Madifications: i * Click on “View Assessments”
* The Assessment may already be

Actions: the_rte on the Dashboard — Click
Sigam Selup Aszzessment on'
Assessment Report Quick Repart
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Opening a SAVED
MEASUR File

If the Assessment is NOT there

15262 tihr

m—p, | npor on the Dashboard, then click on
“Import” and locate the .json
ALL ASSESSNENTS [NFO file where the assessment was
A Faclit i stored
aclity Info . )
e For Online version — Downloads
0 folder is default location for file
Ko Facilty Info found for this directory. storage
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Click-on and

B.03tihr

1662 thr ¥

1.27 m*min
[3

14403 vhr
Water

T Jhi
CEERTN 20

ReCheck Base
Model
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STEAM SYSTEM SUMMARY -
152.6 t'hr
i Tatal Operating Cost
et Example System
Emissions From Fuel 223,845 22
E From Selling Elactricity o .
‘mm o c&w' . * Do we agree with all these
Elaciicily imparia numbers?

- — — o e If yes, which ones do we agree?
: ‘Boller Fuel Use ' 4.451,088.07 Guryr * If no, which ones do we NOT

Boller Fusl Cost () $111,277.202 agree?

Elactricity Generated 0 kW
I Electricity Imported 5,000 kKW

Electricity Cost () 54,380,000
E Make-Up Water

Make-Up Water Required B67,242 79 m*
‘Maks-up Water Cost (5) 5440380 r
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Assessment Setings [ Operations

aﬂoiaf

Q) rieacer

Turbine

TURBINE DETAILS HELP
[ Candensing Turtine Turbine Help
High Pressure fo Low Pressi
RSty e Enter measured data fo calcy
Iseniroplc Efficency [ %]
Generator Efficiency [100 [%]  Fixed Flow
Operation Type [ Steam Flow w| | Flkedmass flow s of stean
Fived Flow |21 | !.-”|
 Hign Prassure to Medium Pressure
L Medium Pressire 1o Low Pressure

Example System

¢ GotoSection5-
“Turbine”

e Check pull-down
menu for
Operation-type
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Click-an and

Example System
' 'T-:’I MOdEI

96 Gl

Water

76.05 1/ Shen
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Turbine Impact Example
Results

High Pressire.
Wieddium Pressure

Low Pressure

st

S38n
Wt

Savingsirpn_up
= 1.0 X 8,760 x 93.88
= $822,389

Savingsirpn_p
= 1.0 X 8,760 x 93.73

= $821,075
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Backpressure Turbine Economics

* Most industrial systems require thermal energy (not mass flow of steam)

* The turbine will extract energy from the steam and convert it into shaft energy
= The steam will exit the turbine with a reduced temperature

* The result will be an increased mass flow of steam required to satisfy the
thermal demand

Section_4_61
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Condensing Steam Turbines

* Condensing steam turbines often
operate with a discharge condition
of saturated steam

* |sentropic efficiency is typically
determined by
— Generator output, steam
conditions, and steam flow
— Estimated by
manufacturer’s data

Condensing Turbine

Section_4_62
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Condensing Steam Turbines

Discharge pressure has a big effect
on power production

*  Several different units are available in
MEASUR

*  Be careful when selecting the vacuum
pressure units

*  They can be different than header
pressure units

Condensing turbines are used for

*  Large amount of power generation

*  Driving large mechanical equipment

Section_4_63

n Jesessment 3etings n Operations

nﬁuiéf nrmr

Turbine

TURBINE DETAILS HELF
B Condensng Tt Turbine Help
Iseniope; BicEn: 8

Wi Enfer measuied el
Genator Hfciency 106
Conterser Tessire 1% Foxed Flow
Cpétion Tipe Stzam Flow vl | Chednass i
Fired Fiow B
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Condensing Steam Turbines
in MEASUR

* Condensing steam turbine(s)
need to be set up in the
same way as backpressure
steam turbines but need one
additional input

*  Condenser pressure (vacuum
conditions)

* Information on control
mechanism is also required
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Condensing Steam Turbines in MEASUR

CRGAMIATON

* Condensing turbines have two modes of operation

*  Fixed power generation
— Most process driven equipment operations will have this configuration
- 100% generator efficiency

— When connected to a generator for power generation
- Use generator efficiency as provided by manufacturer

= Fixed steam flow
— Maybe observed in plants which have a lot of waste heat to be recovered
— Balancing the steam system and eliminating steam venting from the headers

Section_4_65
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[ st st o LS Qe @ o Condensing Steam Turbines
in MEASUR
TURB NE DETAILS HELP
. * Condensing turbine
B Concknsing Turtire Turbine Help isentropic efficiency is
Isendrop; EMcency o N B A — required
ﬂm_ i ' — | Erermeasseddils +  Manufacturers’ data
Genesanr Edency |TUi L —— +  Calculated from steam inlet, flow
(e Presse :,“5 [ Fied Fow and power generated
Cresalin Type |Swam Fow Y | Fedmasione » Condensing turbine outlet
Fid Flaw b (discharge) pressure
+  Can be provided in either of the
four units
*  Equivalent to surface condenser
pressure
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Condensing Turbine -

Electrical impact cost: Exam ple Syste m
50.10/kWh

High-pressure steam: 25 bars 375°C

*  Open the 3-Header Example
System Model and set up the
condensing turbine with the
following configuration

*  Fixed power generation = 950 kW
+  Generator efficiency = 95%
*  Turbine isentropic efficiency = 80%

Exhaust Pressure: 0.15
bara

Section_4_67
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Cllck-on and moung-aver nauipmant s comganents far mare
datails

Boiler

YY1

B33 vhr

20 vhe

Frocass
Usaga

Condensing
Turbine Example
Results

Process
Iheags

S 15647 the (] [T

(=)

1651 tiw

1 27 mimin
€

75 32 Ut e
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Low Pressire Header
Pressure 2 ol . .
Condensing Turbine

Process Stzam Usage L i4mm Eyample Results

Condensate Recovery Rate i E

Fiash Congensate Coming infa Header No v * Make a small change in the
2 Base Model input

Heat Loss 0 | i +  Change Low Pressure header

Desuperhieat Steam out of Medum Pressure Header  No v process steam ussge o 10Ten
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151,42 tihr

~ BN

Lk
Cordensaing
Turbine
{r

168 3F thr

1B EI e W

[
(=23

<
275 thr

797 tihr

** o
- -
N
MINISTRY OF = G ateway UNTED NATIONS
Francuad by
INDUSTRY AND TRADE e Eurapean Unien INDUSTRIAL DEVELOPVENT DRGANIZATION
Tempmraturn. TS4'C Masa Fiaw 155 38 U
Preasuse B7mar | Sp, Enthalpy a2 kibg |
Phase Ligud | Sp Entrogy 14ATRKIMGE |
20 thr
442 G 10 vhr
Y
HP o LP
Turbine d .
tr Condensing
9898 3 KW W

T2.97 thr

Turbine Example
Results

Water
T
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Condensing Turbine Example Results

COST SUMMARY

& ; 1,048 7 kKW
pelesi T
ol 5,000 kW .
s o010 MARGINAL STEAMCOST
Total ST e
il 504 12 GJ/hr
o s2s00/08
il S0 402 065
Make-Lip Water :
1,22 mefmin
st 5403512 W
un Cast it
— 5437 638

5115204737
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Example System Model

* All the model “Inputs” are complete

* The 3-header model

¢ Closely represents steam flows and steam balance on the headers as would be in the operating
case

* Accurately models the impact (marginal) steam costs of the system
* DOES NOT represent total utility costs, emissions, etc.
— NOTE: Impact fuel is used for modeling

= s ready to be used to accurately reflect economic impacts of energy saving and optimization
opportunities in the steam system

* Make sure it is SAVED!
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Section 5: Steam System Optimization — Generation
* Boiler Efficiency Improvement
* Blowdown Management
= Blowdown Energy Recovery
« Feedwater Economizers
= Combustion AirPreheaters
= Excess Air Control
= Fuel Switching
= Hands-On Student Exercises
Section_5_1
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Pregsure
Riducing Vahe
et \— Y
Gases
Combuston Alr Fosced Diaft
Preheater Fan

Process Heatar

Shell and Tube
Heat Exchangar

Fugl
Combustion Alt 5:-.

Steam System
Optimization -
Generation

Section_5_2
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Combustion and
Temperature

Feedwater Inlet
Steam Outlet I
5 I I Exhaust Gases
Radiat:na}
Convection -
. Boiler losses
1 Fly Ash
>
Blowdown
Fuel and Air
Bottom Ash
Section_5_3 Source: US DOE Steam BestPractices Program
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» Boiler efficiency can also be determined in an indirect manner by determining

the magnitude of the losses

*  Primary losses are typically
—  Shell loss
— Blowdown loss
— Stack loss

Nboiler —

Nboiler

100 — Losses

100 — Ashell - ;tblowdown

- )lstack - ;tother

Section_5_4
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Shell Losses

* Full-load radiation and convection losses are typically:
* Less than 1.0% for water-tube boilers
* Less than 0.5% for fire-tube boilers

= Shell loss percentage increases as boiler load decreases because shell loss
magnitude is essentially constant
*  Shell loss of ~0.5% at full-load will become ~2.0% at quarter-load
= The primary opportunity in this area is to reduce the number of boilers in operation to reduce the
total site shell loss
— Stack loss impacts must be considered

* Reducing steam demand will NOT result in any change in shell loss..... Unless a
boiler is shut down!

Section_5_5
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Key Points / Action Items

1. Search for “hot spots”
2. Measure boiler surface temperatures

¢ Infrared thermography

«  Typical surface temperature should range between 55°C and 70°C
3. Repair refractory

4. Monitor surface cladding integrity

5. Reduced boiler load can present an opportunity
*  Minimize number of operating boilers

Section_5_6
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Blowdown Management

* Water quality must improve as steam pressure increases
* Most facilities require makeup water softening as a minimum

» Higher pressure systems may require dealkalization, demineralization, or
reverse osmosis treatment of makeup water

* High quality water systems may have less than 1% blowdown
*  Low quality water systems may have as much as 10% blowdown

* Additional condensate recovery will typically allow the blowdown rate to be
reduced

Section_5_7
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Blowdown Management

* Blowdown amount is primarily dependent on:
*  Water quality
= Boiler operating pressure

* Blowdown management typically takes the following forms
*  Makeup water quality improvement
* Improved blowdown control
* Heat recovery
* Increased condensate recovery

* Blowdown management begins with measurement
= Typically, blowdown amount is estimated from boiler water chemical analysis

Section_5_8 Source: US DOE Steam BestPractices Program
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Options for Blowdown Energy Savings

* Reduce boiler blowdown
*  This will reduce energy in the blowdown stream proportionately
=  But water quality will need to be improved significantly

—  Economic considerations
—  Infrastricture considerations

* Implement energy recovery equipment
= Capture almost all the blowdown energy
* Noimpact on water treatment, may actually help
* System effects need to considered, especially in a cogeneration plant

* A combination of the above two options

Section_5_9
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Blowdown Control

* Primary control of continuous blowdown is typically based on boiler water
conductivity

* Conductivity must be correlated to actual water quality through specific analysis

Section_5_10
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Exhaust Gases

Feedwater Inlet Steam Outlet \ |

N

Blowdown Control

Fuel and Air

Section_5_11
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Blowdown Loss

* A change in the boiler blowdown amount of all of the boilers will generally
reduce the impact fuel consumption

* Economic analysis will require either multiple models for different fuels
* Blended fuel cost may provide a good ball-park estimate

Increased condensate return will typically allow the blowdown rate to be
reduced

Section_5_12
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. MEASUR - Reduce Boiler
Blowdown

Feedwater Inlet

* Blowdown is required based on
water quality

*  What would allow a reduction in
boiler blowdown?

* (Cleaner feedwater

Surface Blowdown
(continuous or
intermittent) — Increased condensate return

— Additional makeup water conditioning

— Condensate polishing
Bottom blowdown

(intermittent) — Change in water treatment

\‘b *  Continuous versus intermittent blowdown

Section_5_13
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Reduce Boiler Blowdown

* Open the 3-header MEASUR Base Model

* Use the 3-header MEASUR Example System model and quantify the total
economic impact of reducing boiler blowdown from 5% to 2%. This reduction in
blowdown is possible with an improvement (upgrade) in the water treatment
system

Section_5_14




** o

- -
«Gateway
MINISTRY OF [——r UNTED NATINS
INDUSTRY AND TRADE 1he Eurapean Union INDUSTRIAL DEVELOPENT ORGANZATION
81,7 Glvhr 15142 thr 3
| Tempeeaturn HEA'C | Mame Flow
Baoiler “ Prowsure 0 bar | Sp Enthaipy
1.1 {Phase s | S, Entropy:
20 bhr
5041 Gihr 442 Gite
o 10564 1ty ~ R
e r b
i HP 1 LP
G 4 Example System
i (Base Model)
Results
70 the
1805 Gdhe
£ 1664 thr
(===
142.75 vhr
T2.97 thr ‘2‘:":‘
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Example System (Base Model) Results

COST SUMMARY

MARGINAL STEAM COST
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High Pressure
Medium Pressure

Power Balance
Ganarafion 1,948 2 kKW
Dsmand 6.948.2 KW
Import 5,000 kw
Unit Cost 50,10 ficwih
Toin.l BT 54,380,000
Boiler 504 12 G.Whr
Total Siyr 5110402 099
1.22 mefmin
Flow 54D,367.2 M7
Uit Cast 50.66 1M
Total Siyr 5422 538

5115,204,737
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Example System
Assessment

Explore Opportunitiez  Modify All Conditions

Nowice View Expert View
* There are two
Now that you have setup your system and have baseline information, options
create duplicate baseline conditions to find efficiency opportunities. *  Novice view
Oiafe wiil be comed from your carent basefine candiion. ° Both WI” | ea d tO the
same result
Section_5_17
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Example System Assessment — Novice View

H x ast
Add New Scenario e —
Movics View Exper isw
SELECT POTENTIAL ADJUSTMENT PROJECTS
The Explore Opportunities section is a novice view to help you find and e R e e
evaluate different opportunities for your system: Notes can be added in At ey S

the right tab (NOTES), these wil be added to your final report. Data will

% 1 i Modification Name Feduce Blowdoym
be copied from your current baseline condition.

7 Adjust General Operations

) 0 Adjust Unit Costs
Scenario Name Reduce Blowdowr| | [0l Adjust Baller Operations

17 Adjust Condensate Handiing

7 Adjust Heal Loss Percentages
I Adjusl Sieam Demand/Usage

T Modify High Pressure to Condensing Steam Turtime

T Modifv Hiah to Low Pressure Steam Turbine

Section_5_18
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SELECT FOTENTIAL ADJUSTMENT PROJECTSE
Select patential sajustment arojects fo expiare apnoruTiias fo increass efficiency and the effachvensss of your Eystem
Mogification Name |Qeﬁuce Blowdown
T Adjust General Operations
T Agyust Unit Costs Example System
—
B ~djust Boller Operations
Assessment —
Cladjust Botler Combusticn Efficiency.
O grnas Funt v Reduce Blowdown
- =
B Adjust Blowdown Rate
Modin: 1352
Biowdown Rate Blowdown Rate
9% |2 E3
— Calculate Blowdown Rate
T Blownown Flash 1o Low Pressune
1 Preheat Makeup Water with Blowdown
O Change Steam Seneration Concilions
O Change Deaerator Operating Condihons
Section_5_19
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RESULTS SANKEY HELP
Basel Reduce Biowdown
Parcent Savings (34) _—
Fuel Usage (Giyr) 4,416,084
Fuel Cost (Syr) $110.402,099
Electricily Purchased (KWhiyr) 43,800,000
S an00

Process Use (Gl
‘Stack Loss (GJdiyr)

Vent Losses ()

Unrecycied Condensate Losses

() . - &

KN Losses |G i S5

sltbes Losses BT D I
Annual Emissions (tonne CO,)  222,084.86 218,746.43
MmlalE'nlnbns ‘Savings {tonne = 2 2
Annual Cost (3) 116,204,737 114,013,947
Annual Savings (3} —_ 1,180,790

Example System
Assessment —
Reduce Blowdown

Section_5_20
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Baseline

181 42 thr

Reduce Boiler
Blowdown

Reduce Blowdown ¥

0.8 Gl 2 50.65 thr

3.08 thr
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Caution - Reduce Boiler Blowdown

* Be careful of the energy savings, costs and emission results

= Multiple boilers require individual boiler modeling for blowdown reduction
opportunities
= Each fuel and boiler separately imparts energy to the individual boiler’s feedwater

= IMPACT fuel and analysis breaks down in this specific improvement opportunity

* Using a blended fuel cost and boiler efficiency may be a better estimate for this
opportunity

Section_5_22
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To low-pressure
steam system
Blowdown

Fuel and Air

liquid
blowdown

High-pressure

Make-up water
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Energy Recovery

-
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Source: US DOE Steam BestPractices Program

System

Boiler
Blowdown

— To Low Pressure Steam
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Control
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Blowdown Energy
Recovery

< Global
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1.6% of the total fuel
energy

Impact fuel
~$1,800,000/yr

*  This loss can be
eliminated

Section_5_24
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MEASUR
Assessment Model

Control

Makeup
water

* Add a blowdown
flash tank

* Add a heat recovery
exchanger

Source: US DOE Steam BestPractices Program

T Aajust General Operations

T Adjust Unit Costs

T adjust Boller Operations

O Agjust Boller Combustion EMclency

1 Change Fuel Type

Sh o' Low Pressure
Baseime Modfications

Bigwiown Flashed Blowdown Flashed
N Yas v

B Preheat Maksup Watér with Higwdown

Bazefing Moafications
Prehes Make-up Waler Preneat Make-up VWater
No es |
Approach Temperatuns
3
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Modiication Name [Biowdown Energy Recoesty

MEASUR Assessment -
Blowdown Energy
Recovery

Section_5_26
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Baseline Blowdown Energy Recovery
Percent Savings (%) =
— 2 0%
Fuel Usage (Gryr) 4,416,084 4342 565 6
FeiCotsy)  s0a000 106574165
Electricity Purchased [(KWhiyr) 43,800,000 43,600,000 -
e ot e Sis MEASUR Assessment
Waler Uisage (m*yn) 640,361 2 6271784
e o e s Blowdown Energy
Power Generated (KW) 15482 19482
Process Use (G 207 w207 Recovery
Stack Loss (Gvr) 917 90.2
Vent Losses (G
Unrecycled Condensale Losses
(Gt 45 451
Turnine Losses (Glyr) oz 02
Other Losses (G,u')ﬂ'} 5.1 28
Annual Emissions (tonne CO,)  222,084.86 218,407.79
ér;:ﬂ Emissions Savings (tonne _ 367707
Annual Cost (§) 115,204,727 113.268.104
AL . o
Section_5_27
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MEASUR Assessment - Blowdown Energy Recovery

| Baseling ~

159.39 tihr | Boiler
> HEY.Y) @

504.1.Gdihr

25 bar

Baller

LYY

495 & Gl

784 thre

148 thr

UNITED NATIONS
INDUSTRIAL DEVELOPVENT ORGANEZLATION

>
7023 thr

180.5 Glihr

Flash

Tank
. 7.84thr

6.35 thr

we2c 1.19 m¥min
< <

H T1.47 thr

Maks-Up
Water
20°C
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Blowdown
Energy Recovery

Blowdown Flash Tank

Section_5_29

Makeup water

Liguid blowdown
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Heat Exchanger Caution

* The blowdown stream presents a
significant fouling potential (even
in a cooling environment)

* Co-current heat exchange may
also be a good option

* The capability of cleaning the heat
transfer surfaces of blowdown
heat exchangers must be provided

*  Straight tube with blowdown on the
tube side

* Plate and frame

Section_5_30
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Blowdown Change with Heat Recovery

* The impact of reducing blowdown is minimized when blowdown heat recovery
equipment is in place
* Blowdown rate can be increased to protect the boiler and the energy cost at the site will not be
significantly impacted

Section_5_31
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Key Points / Action Items

1. Estimate amount of blowdown using boiler and feedwater conductivities
2. Quantify the boiler and system-level energy loss due to blowdown

3. Evaluate installation of an automatic blowdown controller

4. Evaluate and install flash steam and heat recovery equipment

5. Work closely with plant’s water chemists to maintain and manage appropriate
blowdown

Section_5_32
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Stack Losses

* Stack losses are the largest of the boiler losses
* Stack losses are made up of two parts and
defined as

Temperature losses
Combustion losses

* Combustion analysis is the method generally
used to determine stack losses

Section_5_33
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Boiler Efficiency Improvement Projects

* MEASUR boiler efficiency is primarily dictated by

stack loss

» Real-world boiler efficiency is primarily dictated by stack loss
* Primary stack loss factors

— Exhaust temperature
—  Excess air

Section_5_34
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Flue Gas Temperature Loss

* Asignificant amount of energy resides in the flue gas
*  The temperature of the flue gas indicates the energy content

* The most common factors influencing flue gas temperature are presented are:
= Boiler design
=  Fuel
* Availability of heat recovery equipment
— Feedwater economizers

— Combustion air-preheaters

* Failed flue gas component — baffle
= Fireside or waterside fouling
= Boiler load

Section_5_35
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Energy Recovery Components

* A feedwater economizer recovers energy from the flue gas to the boiler
feedwater through a heat exchanger

* A combustion air preheater recovers energy from the flue gas to the
combustion air

* Solid fuel boilers are more likely to have these components to aid in combustion by pre-drying the
fuel

Section_5_36
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200 Flue Gas Temperature
Limitations

Acid Dew Point

150

T *  Flue gas temperature is
,/ | | maintained above the dew
point of acidic components
100 s
Minimum Recommended —

Feedwater Temperature (Entering
Economizer)

Temperature ["C]

= Fuels containing sulfur
produce sulfuric acid

*  All hydrocarbon fuels can
50 produce carbonic acid

0.0 1.0 2.0 3.0 4.0 5.0

Fuel Sulfur Content [% mass]

Section_5_37 Source: US DOE Steam BestPractices Program
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Condensing Economizers

* (Condensing economizers can improve boiler efficiency more than 10% in
comparison to conventional boilers
*  Final flue gas temperature can approach 30°C
* Indirect units can heat streams to 90°C
* Direct units can heat streams to 70°C
*  Asignificant amount of relatively low-temperature energy is recovered
* Equipment is limited to clean fuels

—  Natural gas
—  Light fuel oil

Section_5_38
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Boiler Load

* Flue gas exhaust
temperature typically
increases as boiler steam
production increases

Section_5_39
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Fouling Issues

Water-side fouling (scale) is
typically managed through
water treatment efforts

= Significant events are corrected
through chemical cleaning and
hydro-blasting

Fire-side fouling is managed
through sootblowing and
periodic off-line cleaning

* Sootblowing is critical for solid
fuel and heavy fuel oil
combustion

Section_5_40
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Common Stack Loss Reduction Opportunities

* Remove fireside fouling
*  Sootblowing
= Offline cleaning

* Remove water side fouling
*  Prevention
* High-pressure jet wash
*  Chemical cleaning

Repair failed internal components

Install heat recovery equipment

UMITED NATORE
INDUSTRIAL DEVELOPUENT DRGANZATHN
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Boiler Number 1 Boiler Number 2 Boiler Number 3
Coal Heavy Fuel Oil (HFO) : Natural Gas
— &
=
..* Blowdown o Purchased
Electricity
:

HP process
steam demand

v

Site electrical
demand
; ]
f===C
=]

Makeup water
- Process condensate

= Turbine condensate

Indicates a flow meter
installation

0

\NITED NATONE
INDUSTRAL CEVELOPVENT CRGANIZATHN

Steam
System
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Stack Loss Reduction Example

Fuel: Natural gas
Cost: 514,800,000/yr
Feedwater Inlet

Boiler capacity is 30 Tph

Exhaust Gases 200 °C

Steam Outlet

] 7 |
b}

\— Exhaust Gases 200 °C

The flue gas oxygen content is 5%

Current operating load is 20 Tph

Fuel
Air l_

Section_5_43
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Stack Loss Reduction Example

Exhaust Gases 160 °C

Heat Reco
Steam Outlet e ity osesid

I 375°C

Fuel: Natural gas
Cost: $14,800,000/yr

Feedwater Inlet

Boiler capacity is 30 Tph

Current operating load is 20 Tph

Fuel
Air l_

Exhaust Gases 200 °C
{Baseline)

The flue gas oxygen content is 5%

Section_5_44
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Savings Analysis

a[——}g[——] biv -,

m, M, 1,

Where
* n, and n, represent the current and the new boiler operating efficiencies

E..., represents the energy transferred in the boiler to make steam

Section_5_45
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Savings Analysis

O cvings — [1 £ J E‘mm = [l N i} E.',rwn

n,) 1n 7,
o /N
O suvings [ 77-} K fuel

Where
E:.1 1 represents the current fuel input energy to the boiler

Ko 1 represents the cost of the current fuel input energy to the boiler

Section_5_46
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@ STACK LOSS
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Stack Loss

Calculator — Natural
gas in MEASUR

Type of figl | Gas v
Fuel Typical Watural Gas - US v
;;;e; - * Stack loss table is
Temperalure ]
: developed for
Ambient &ir Tamperaiure bl ne g|l gl ble
Percent Ciygen Or Excess Ar? | Oxygen in Flue Gas v combustibles and no
In Flue Ga 5 .
g - | condensation
Maistiure In Combustion Air I |5
Stack Loss 182%
Boiler Combustion Efficiency 818%
Section_5_47
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Soiler Deasralor FlashTenk Header Heafloss Pressure Release Vave Saiurated Properies Stack Loss

ﬁ STACK LOSS

Ty of fugl
Fusl

Aeaden Fus
Stark Gas Temperatrs
Ambient Air Temperaturs
Percent Caygan Or Excess A7
Oxygenin Flue Gas

Hloistura in Combustion Alr

Gaz v

Typical Natoral Gas - US

Coygen in Fluz Gas

5 i

0 |
16.3%

Stack Loss

Boiler Combustion Efficiency B3.7 %

Stack Loss
Calculator — Natural
gas in MEASUR

Stack loss table is
developed for
negligible
combustibles and no
condensation

Section_5_48
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81.8
Tsavings = [1 —m] % 14,800,00 = ~$336,000
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= MEASUR analysis indicates the same savings opportunity

* Corrosion and boiler loading must be considered

Based on this analysis installation of a feedwater economizer will most probably
result in less than a 1.0 year simple payback

Section_5_49
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[ Adjust General Operations

O Adjust Unit Costs

2 Adjust Eoiler Operations

Adjust Boller Combustion Efficiency

Baseline Modincations
Combusion Emciency Combustion EMciency
81.8% 837 %]

[} Cnange Fuel Type

CHAdiust Slowdown Rate

O Blowdown Flasnh 1o Low Pressure

O Prehezt Maksup Water with Blowdown
[ Change Steam Generstion Conditions

LI Changa Deasrator Operating Condimons

t‘ > ‘i :
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MEASUR
Assessment — Boiler
Efficiency
Improvement

* Caution when
reporting savings
from this
assessment
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Baseline Feedwater Economizer

Percent Savings (%) —
-_— 20%

Fuel LUsage (G 5833656 570,123 1
Fuel Cost ($41) £14 584,140 $14.253.079
Eleciicily Purchasad (RWIvyr) £3 800 000 43,800,000 M EASU R Assessme nt
Elecmcty Cost (5) 4,390,000 4380000 — H 11
Water Lisage [menr) BT ATAE 874745 BO l I er Effl cien cy
Waler Cost (Siyr) 57733 57733
Pover Generaled (1) : o Improvement
Process Lise (Gayr) 294 394
Stack Loss (GJiyr) 121 106
Went Losses (Giyn) ] 0
Unregycled Condensale Losses

BT 87
(S
Tubine Losses [GJAT) o o
“Other Losses (G.lyr) 72 72
Annual Emissions {tonne CO,]  29,337.46 28,671.43
;r;!n;.lﬂ Emissions Savings {tonns - es5.08
Anpuaticost i) 0 19821874 15,0081
Annual Savings (§) —_ 331,082
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« Click-on and cer £ and comp for mare

1.05 thhr

17 83 thr
39.4 Gdhr

3521w MEASUR
Assessment —
Boiler Efficiency
Improvement

. 892 thr
"
18,88 Uhr LI
\Water

0T

997 thr
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Key Points / Action Items

1. Monitor and record flue gas temperature with respect to:

* Boiler load

* Ambient temperature

*  Flue gas oxygen content
2. Compare flue gas temperature to previous, similar operating conditions
3. Maintain appropriate fire-side cleaning

4, Maintain appropriate water chemistry

5. Evaluate heat recovery component savings potential

Section_5_53
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Combustion Control Opportunity

* Improving combustion control often presents an energy management
opportunity

» Controlling excess air (flue gas oxygen) to optimized levels increases boiler
efficiency

» Several factors need to be considered to optimize excess air but the main
factors are:
*  Fuel
*  Control mechanism
= Emission regulations

Section_5_54
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Combustion Analysis

* In a perfect world air and fuel would mix thoroughly and complete combustion
would occur Fuel

* Each molecule of fuel would find exactly react with the correct amount of
oxygen for the combustion reaction to continue to completion

CH.+20.-CO.+2H.0 +Energy Release

* In actual combustion processes, fuel and oxygen do not react perfectly

CH4+202 = aCO,+BH,0 @
Energy

Release

* Un-reacted CH,, CO and H, are fuels resulting from incomplete combustion

Section_5_55 Source: US DOE Steam BestPractices Program
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Combustion Management — Principle 1

* Un-reacted CH,, CO and H, degrade combustion operations
= Safety problems
= Health issues
= Efficiency detriments

CH+20: = @ CO,+BH,0 @
o

* Combustion management strives to eliminate un-reacted fuel by adding extra oxygen to the
combustion zone
= Excess O, provided to the combustion zone essentially eliminates un-reacted fuel

Section_5_56 Source: US DOE Steam BestPractices Program
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Combustion Management — Principle 2

* The extra oxygen added to ensure complete reaction of the fuel is heated by
fuel from ambient temperature to the temperature of the exhaust gas

CH 4+ 2 aCO,+PH,0 +yCO+S H,+8CH,+/C O,
Encry 276N

* For most combustion processes gir is used as the source of oxygen
* Alarge amount of N, is heated from ambient temperature to exhaust gas temperature by fuel

energy
Section_5_57 Source: US DOE Steam BestPractices Program
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160
140
e Minimum Oxygen
Bia Evaluation
.‘1'4' Cbmbustibles
£ 80 a
[%:} - .
'E . / *  Minimum oxygen
§ / limits are determined
40 / by measuring
20 y, combustibles
0
0 10 20 30 40 50 &0 70 80 9.0

Flue Gas Oxygen [%]

Section_5_58 Source: US DOE Steam BestPractices Program
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Combustion Management Strategy

» Itis clear that excess air (amount of Oxygen) for the combustion process has to
be controlled

* There are two main control strategies
*  Positional control
*  Automatic trim control

» Control of combustion air is done by
¢« Dampers

* Variable Frequency Drives

» Excess air is also a function of Boiler load

* Combustion zone (fire-box) pressure also needs to be controlled

Section_5_59
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Exhaust Gases
e,
4 Poat i TR Steam Pressure
(—\ 3 Feedwater
’ ] : \ I | Steam Outlet
Fuel Flow Positioning
Controller c0ntr0|
Flue Gas Oxygen

Sensor (Periodic
Measurement)

Air

Section_5_60 Source: US DOE Steam BestPractices Program
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Exhaust Gases

Steam Pressure

Fuel
m : Feedwater
Combustion
Controller
— :
: 4 >
Air

Steam Outlet

* Flue Gas Oxygen
.
: Sensor

o * e -
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Automatic O,
Trim Control

Section_5_61
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Typical Flue Gas Oxygen Content Control Parameters

Natural Gas

Numb. 2 Fuel Oil 2.0 3.0 3.0 a0 11 18 18 55
Numb. 6 Fuel Oil 25 3.5 35 8.0 14 21 21 65
Pulverized Coal 25 4.0 4.0 7.0 14 25 25 50

Section_5_62
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Stack Loss Reduction (Positional Controller) Example

Steam
Outlet

Fuel: Natural gas I 375°C
Cost: $14,800,000/yr
Feedwater Inlet I I f

Boiler capacity is 30 Tph P
Current operating load is 20 Tph f
. Fuel \— Exhaust Gases 200 °C
Air — -
I ————— H
The flue gas oxygen content is 5%

Exhaust Gases 200 °C

Section_5_63
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Soler Deseralor Flesh Tenk Header Heatloss Pressue Refease Valie Saturzied Zropsries Stack Loss

@ STACK LDSS Stack Loss
Calculator — Natural

gas in MEASUR

Ty fuel Bag il

Fuel Typical Natural Gas - US v

st _ * Stack loss table is

Stack Gas Tempeature Al i developed for

Ambieat 4 Temperatie .Zﬂ | n eg| igi ble

Fercenl Onygen Or Excess Air? Orygen in Flue Gas Y] combustibles and no
Caygen n e s b . condensation

Moistire In Combustion Alr 1 K

StackLoss 2%

EoilerCombustion Efficiercy 818%

Section_5_64
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Stack Loss Reduction (Positional Controller) Example

Steam  pyhaust Gases 200 °C

Outlet

Fuel: Natural gas I 375°C
Cost: 514,800,000/yr
Feedwater Inlet I I f

|

Boiler capacity is 30 Tph r\
Current operating load is 20 Tph 1-
) Fuel \— Exhaust Gases 200 °C
Aijr —
I ——— H

The flue gas oxygen content is 6%

Section_5_65
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Stack Loss

T i Calculator — Natural
o o ! gasin MEASUR

Fud [ Typleal Natural Gas- US v

Add Mew Fugl

Stack Gas Temperature [200 [ W
Ambient Air Temperature |2G | 3 |

Perzent Oxygen Or Excass Air? | Oxygen n “lue Gas v |

OsxygenIn Fue Gas |5 | |

Maisture in Combustion Ar lo [%]

Stack Loss 18.6 %

Boiler Combustion Efficiency 4%

Stack loss table is
developed for
negligible
combustibles and no
condensation

Section_5_66
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Positional Controller Re-Tuning
* Energy Cost savings = Base Case Operating Cost — New Operating Cost

v Mg
D= [’ i

Ko
??wf,lmmi ‘

81.8
Osavings = [1 - m] x 14,800,00 = ~ —$72,725

Section_5_67
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Stack Loss Reduction (Automatic O, Trim Controller) Example

Exhaust Gases 200 °C

Steam

Outlet

Fuel: Natural gas I 375°C

Cost: $14,800,000/yr O —
Feedwater Inlet \ I ]

Boiler capacity is 30 Tph

Current operating load is 20 Tph A

| \
Exhaust Gases 200 °C

The flue gas oxygen content is 5%

1 Fuel

—

Air

Section_5_68
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Boier Dederator Fash Tank Heacer Heatloss Pressure Releass Valie  Saturaied Properies  Stack Loss

ﬁ ot Stack Loss — Natural
gas (Natural gas in
MEASUR)

Typaof fud Ges s
Fuel Tipical Naturel Gas- LS v
m;@aswnu - = * Stack loss table is
: developed for
Ambient & Tempsratue :Eﬂ n negliglble
Percent Dwgen 0 Extess A2 Ogygenin Pl Gz = combustibles and no
Ouygen I e Gas s K condensation

Toisure In Combustion Air i | %

Stacs Loss 2%
Boiler Combuston Efficiency 61.8%
Section_5_69
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Stack Loss Reduction (Automatic O, Trim Controller) Example

Exhaust Gases 200 °C
Steam

Outlet
Fuel: Natural gas I 3757C

Cost: $14,800,000/yr
Feedwater Inlet \ I ? J

Boiler capacity is 30 Tph

Current operating load is 20 Tph A

| \
Exhaust Gases 200 °C

The flue gas oxygen content is 3%

1 Fuel

| —

Air

Section_5_70




ﬁ STACK LOSS

Type of fusl MEASUR)

Fuel | Typical Natural Gas - US v|

Add New Fuel

Stack Gas Temperature (200 [*c] e Stack loss table is
Ambignt Air Temperature 20 Jc] developed for

Percent Oxygen Or Excess Air? | Oxygen in Flue Gas v | negligibl?

o Fl G 3 %) combustlb]es and no
Moisture in Combustion Air ||D | % | condensation

Stack Loss 174%

Boiler Combustion Efficiency §2.6 %

|Gas v
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Stack Loss — Natural
gas (Natural gas in

Section_5_71
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Install Automatic Oxygen Trim Controller

* Energy Cost savings = Base Case Operating Cost — New Operating Cost

??gmr' 2
T sovings — e Kier
nmymmf

81.8
Osavings = [1 —~ ﬁ] x 14,800,00 = ~$143,350

Section_5_72




SELECT FOTENTIAL ADJUSTMENT PROJECTS

Select pofetal SOUSMEN! CECT I BANAIR SOTHTUNRES 15 Inresse BTCEACY S0 I8 MECTIENesD Of your SyEem.

Modification Name [Cinpgen Trim Gontrillar

[l Adjust General Operaligng

[ Adjust Unlt Costs

Adjust Boiler Operations

B Adjust Boier Combustion Eficiency

Baseline Modmcations
Combustion Efficency Combusticn EMclency

B184% 526 A
[l change Fuel Type
[ Aajust Blowgown Rate
[ Blowdown Flash to Low Pressure
O Preneat Makeup Water witn Blowdown
[ change Sieam Generation Condmens

L Change Deasrator Spesaling Conditions
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MEASUR Assessment —
Boiler Efficiency
Improvement
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Assessment — Boiler

Efficiency

Improvement

RESULTS SANKEY HELP

Percent Savings (%) ==
L 1.0%

Fuel Usage (GLyn) S83.3656 577.7156
Fuel Cost (54y1) £14.564,140 514,442 590
Eleciricity Purchased (KWniyr) 43 800,000 43,800,000
Electricity Cost (5) 4,380,000 4,350,000
Vyater Usage (manT) BT.ATA6 B7,474.6
Viaier Cost (ST s 57,79
Fower Generated (KW) a o
Process Use [GAyr) 394 39.4
Stack Loss (G 121 s
Ventlesses@iy) 0 0
Linrecycied Condensate Losses o i
©rm _
Tutbire Losses (GJA) 0 o
Criher Losses (GJiyr) 72 T2
Annual Emissions {tenne CO;) 2933748 26,053.02
::;m Emissions Savings (tonne ——
Annual Cost (S) 18,021,874 18,880,623
Annual Savings (S} _ 141,261

—
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Key Points / Action Items

1. Combustion management principles:
+ Add enough oxygen to react all of the fuel
= Minimize the amount of extra air
= Monitor combustibles to identify problems

2. Measure the oxygen content of boiler exhaust gas

3. Control oxygen content within a minimum and maximum range
* Continuous - automatic O, trim control
= Positioning control

4. Challenge the control range
* Control upgrade
+ Combustion tuning

Section_5_75
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Fuel Switching & Boiler Operation Optimization

Section_5_76
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Fuel Switching

* Fuel selection can provide significant reductions in operating costs due to
differences in energy costs and boiler efficiencies
= Sometimes energy costs and maintenance expenditures are offsetting
= Environmental issues are a significant concern associated with fuel selection
*  Fuel efficiency will generally be an influencing factor when changing fuel

* Each application will need an independent evaluation — there are NO thumb
rules!

Section_5_77
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Boiler Operation Optimization

* Typically, very common scenario in multiple boiler configurations in industry

* Boiler operational optimization can take several forms
= Shutdown a boiler
* Reduce operations of the most expensive boiler while shifting load to other cost effective boilers
*  Dual fuel-firing and fuel hedging strategies may need to be considered
= System reliability will need to be considered
* Both steady state as well as dynamic load profile will need to be evaluated

* Each application will need an independent evaluation — there are NO thumb
rules!

Section_5_78
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Boiler Number 1 Boiler Number 2 Boiler Number 3
Coal Heavy Fuel Dil (HFO) NMatural Gas
Purchased
3
+ Electric'lt\,r

HP process .
steam demand ;

Site electrical
dermand

=

A
Discharge to sewer

Indicates a flow meter
installation

=

Makeup water
Process condensate
Turhine condensate

s
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Steam
System

Section_5_79

Steam conditions:
25 bars and 375°C

Fuel: Coal

Fuel cost: $5.4/Gl

Boiler capacity: 90 Tph
Steam production: 65 Tph
Boiler efficiency: 85%

Fuel: Heavy Fuel Oil

Fuel cost: $18/GJ

Boiler capacity: 90 Tph
Steam production; 65 Tph
Boiler efficiency: 84%
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Fuel: Natural gas
Fuel cost: $25/GJ
Boiler capacity: 30 Tph

Steam production: 20 Tph

Boiler efficiency: 80%

Fuel Switching & Steam
Generation
Optimization

Quantify the economic
benefit of increasing
steam production by 1
Tph in the HFO boiler

Quantify the economic
benefit of increasing
steam production by 1
Tph in the Coal boiler

Section_5_80
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Fuel Switching Calculation (1 Tph with HFO Boiler)

Savings from fuel switching = o = Initial operating cost — Final operating cost

. ¥ E _ E _ . Kien  Kien
o= (K _Kz)r :[ == K en ™ = Kz = E SRt - &
' 1, mn, n.n

=13 Ty M_m
o msm,..b’l.mm hf“')[ ??] 772 ]T

258 185
0.80 0.84

o = 100042 (3,1814£ - 463.5 %)( ] 8,760 1z

o =234,000
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Fuel Switching Calculation (1 Tph with Coal Boiler)

Savings from fuel switching = o = Initial operating cost — Final operating cost

7 3 E steam E steam : K Suell K Suel2
g= (KI-KZ)T=[— K.J’il't'”_—Kﬁwﬂ T=E3mﬂm e aw [
m, n, n 1

258 545

=1,00022(3,18 14 — 463,54
7 wbasig *g)(o.so 0.85

J 8,760 2

o =593,000%
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Fuel Switching Calculation (1 Tph with Coal Boiler)

Savings from fuel Swz'rching = o = Initial operating cost — Final operating cost

" E . K‘fué” K‘ﬁisz
ars (K K )T ﬂm - J‘rreﬂ ?;ew" K.I‘uc.f:’. = E.vfeam ?? - U 2
2 1 2

=% ) Kpen  Kjuwiz
steam fiw

O- = m.ﬂ?ﬂiﬂ r
non,
25 % 544 5
=1,0002£ (3,181 “ —463.54 8,760 &=
o hr ( )[ “m’ il
o = 593,000 3 NOTE: Analysis utilizes direct boiler

efficiency (or complete indirect efficiency)
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MEASUR Assessment — Alternate Fuel

* Fuel switching is a common energy management activity

=  MEASUR allows

= The user to choose an alternate fuel from the standard fuel list
*  Input a fuel unit cost

* In general boiler efficiency will change as the fuel is changed
*  Fuel characteristics will impact stack loss
*  Boiler characteristics may change
—  Flue gas temperature may increase due to fouling
—  Flue gas oxygen content may change because of combustion characteristics

* Emissions will also change

Section_5_84
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Fuei Cost
23 B

L podity Iake-up Water Cost

Ad|ust Soller Cperations

Fuel Switching in
— . MEASUR

B Adljisl Soiler Combustion SMolency
Baselne

Combustion Efficiency
Y 8%

Bl Chanpe Fuel Type
Baseilne
Fuel Type
cas

Fuei
Typical Muhimn Gas - U85

* Economic impact
can be calculated

Combustian EMciancy
lpen JE|

Modifications
Fuel Type
[SolldLiquid =
Fuel
Typical Btaminaus G w |
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Fuel Switching —in MEASUR
Baseline ..m' Fuel
e Economic impact of switching 20
Percent Saings (%) = tph steam from the Natural gas
ik boiler to the coal-fired boiler
Rl e Y FE TGE * Economic impact of switching 1
Fust Cost ($ir) S50 2% tph steam from the Natural gas
Annual Cost 5) 19021674 TA1545 boiler to the coal-fired boiler
ok sl = L 11,615,428 $
Osavings =~ 50— ~580,000 —
20 yr
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Factors Limiting Fuel Switching

* Environmental regulations
* Fuel storage and handling

» Boiler capabilities

Section_5_87
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Key Points / Action Items

1. Use a steam system model based on the laws of thermodynamics to quantify
energy and cost savings opportunities

2. Fuel switching and boiler plant operations are excellent areas for optimization of
steam systems — significant cost savings can be realized by applying optimal
operating strategies

3. Each application will need an independent evaluation — there are NO thumb
rules!

Section_5_88
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Common BestPractices - Generation

*  Minimize excess air

* Install heat recovery equipment

* Clean boiler heat transfer surfaces

= Improve water treatment to reduce hoiler blowdown
* Recover energy from boiler blowdown

= Add/restore boiler refractory

=  Minimize the number of operating boilers

* Investigate fuel switching

= Optimize deaerator vent rate

Section_5_89 Source: US DOE BestPractices Steam System Sourcebook
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Section 6: Steam System Optimization — Distribution
e Steam Leaks
e Heat Transfer Loss Through Insulation
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Reducing Vane
Gombustien I Ny *
Gises
Combustion Alr

Preheatar

X Process Heater Generic Steam
System

Shell and Tube
Heat Exchanger

zconamizer [ [[[[]]]

Stean
Trap

steam
Trap

Fuel Congensata

Gombustion Alr E : Concensate Pump Tank
I

Section_6_2 Source: US DOE Steam BestPractices Program
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Steam Leaks

* End-user quote — “Steam leaks are an essential component of my system, if |

don't hear or see them, | can’t tell if my steam system is operating!”

Section_6_3
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Steam Leaks

* Steam leaks occur everywhere but most common are
places such as:
*  Flanges and gasketed joints
. Pipe fittings
*  \Valves - stems and packings
*  Steam traps
Relief valves
*  Pipe failures, etc.

* An “order of magnitude” steam loss estimate can
provide enough information to determine if the repair
must be made immediately, during a future shutdown,
or online

« Pipe failures (steam leaks) often present a “safety
issue” that demands immediate attention

Section_6_4
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Steam Leaks

* Methods to determine economic impact of
steam leaks
¢ Using MEASUR based model
*  Empirical and observation based — plume height

*  Measurement and calculation based via choked flow
equation — Napier’s equation
*  Field measurement with a pitot tube

= Ultrasonic technique, specific manufacturers’ instrument
and protocol (standard) based

*  Other system or equipment balance methodologies

* Condensate leakage can be measured by stop
watch and bucket methodology

Section_6_5
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Steam Leaks

* Napier’s choked flow equation
=0.695 x 4, x P

steant

m

stean orifice

* This equation is valid for
* Choked flow conditions: Exhaust pressure < 0.51*P,
* Coefficient of discharge = 0.6
* A, is area of orifice (or leakage) in mm?
*  P,..,is the steam pressure in bars (absolute)

steam

* Steam Leakage cost can be determined by multiplying the leakage rate with
unit steam cost

Section_6_7
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Example Steam System

* Steam leak of “4 mm diameter orifice was found on the 2 bar header. Estimate
the steam leak cost.

* Napier’s choked flow equation
=0.695x4, .. xP

o steam

m,, =0.695x12.56x3=262kg/hr
* Unit Steam Cost: $93.72 per 1,000 kg

Leak Cost = Mgream X Ksteam

u‘eam

26.2 X 93.72 x 8,760
Leak Cost = 1000 =~ $21,500/yr

Section_6_8
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Modification Name [Steam Leak
[l Adjust General Operations
I Agjust Unit Costs
[ Adjust Boiler Operations MEASUR
] Adjust Condensate Handling Assessment for
1 Adjust Heat Loss Percentages St
eam Leaks
Adjust Steam Demand/Usage
1 Adjust High Pressure Steam Lisage
O Adjust Medium Pressuie Steam WUsage
Adjust Low Pressure Steam Usage
Baseline Meadincations
Steam Usage Steam Usage
70 thr 69.9736 [vhr]
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RESULTS SANKEY HELP
Baseline Steam Leak
Perceni Savings (%) _—
Fuel Usage (GJyn 4,416,084 44152276
Fue] Cost (ﬂWr) o 51_19.402,099 5'11_0,380,_53]
Electricity Purchiased (KW 43,800,000 43,800,000
Eleciricity Cost (8) 4,380,000 4,380,000 M EAS U R
Water Usage (mdiyr) 5403612 64D 2327
Water Gost (57 2% w2254 Assessment for
Power Generated (KW) 1.9462 1.9482
Piocess Use (GJiyr) 3207 3206 Stea m Lea kS
Stack Loss (Gliyr) 9.7 b
Venl Losses (Gllyr)
Unrecycied Condensate Losses e =
(GJyn)
Turbine Losses (GJlyr) 2.2 D2
Other Losses (G 381 35.1
Annual Emissions (tonne CO,) 222,084.88 2220418
Annual Emissions Savings (ton
cos) —_ 43.07
Annual Cost (3) 115,204,737 115,183,243
Annual Savings (3) = 21,494 ==

Section_6_10
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Key Points / Action Items

1. Steam leaks occur in all plants and a continuous improvement type steam leak
management program should be implemented in industrial plants

2. An “order of magnitude” steam loss estimate can provide enough information
to determine if the repair must be made immediately, during a future
shutdown, or online

Section_6_11
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Steam System Insulation

*  Why is insulation necessary on steam systems?
* Personnel safety — high temperatures
*  Minimize energy losses
* Protection from ambient conditions

*  Preserve system integrity

» Typical areas of insulation improvement opportunities
« Distribution headers
* Inspection man-ways
*  Valves
* Condensate return lines
* End-use equipment
* Storage tanks, vessels, etc.

Section_6_12
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Steam System Insulation

* There are several reasons for damaged or missing
insulation and hence, energy savings opportunities in
the insulation area

= Missing insulation due to maintenance activities

= Missing / damaged insulation due to abuse

* Damaged insulation due to accidents

* Normal wear and tear of insulation due to ambient conditions

* Valves and other components not insulated

Section_6_13
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Steam System Insulation

*  Some basic instruments, software and basic data
required to quantify the economic impact of insulation
* Infra-red thermography camera
* Infra-red temperature gun
*  Measuring tape

*  3E Plus insulation evaluation software

*  Operating information
= Hours per yaar

* Ambient conditions
—  Temperature
—  Wind

Section_6_14
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Insulation Tool — 3EPlus

* North American Insulation Manufacturers Association (NAIMA) developed
3EPlus - determines optimum insulation thickness for a wide variety of
insulating materials

* Software outputs include:
* Surface heat transfer loss
* Insulation surface temperature
» Simple payback of an insulating project

Section_6_15
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Insulation Evaluation Software

* Free Program available from
NAIMA

* Energy
* Heat Loss
+  Cost Impact

* Environment

* Economic Insulation Thickness
*  Life Cycle Cost Analysis

Section_6_16 http://www.insulationinstitute.org
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3EPlus Available

ONLINE

https://www.3eplus.org
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Example Steam System -
Missing Insulation

* A 10 m long section of 10 bar
steam header is observed to be
un-insulated
* 25.4 cm nominal diameter
e Steam temperature is ~¥362°C

* Estimate the economic insulation
impact

Source: US DOE Steam BestPractices Program

= 3EDPlus vd.0
Fie Edt Lkits Help

ot
«Gateway
MINISTRY OF = "

INDUSTRY AND TRADE ihe Eurspean Unien  NDUSTRIAL

ENVIRONMENT

ECONOMICS OPTIONS

Jrveuletive: Thickreas

INSULATION THICKNESS
Surface Temperafures ‘wind Speed;
Condenzslion Coniral
Personnel Protection

o RTEthiay - Insuation Lapers-
Bare and Inzulited Surfaces Add Diclote

g [Type

1 it

Hzrne

Base Metal Siecl =
Inzulztion Caleiumn Siinate BLK+FPE, Tppe |, C55307 3 Fa 7B
Jaket Matsrial 01 Muninn, widized, in service -]

Ilfm Dacl}ph'n.n Sy:lﬁm.ﬁppli:‘ahnn' ) S.y.:tem Lt B

[0 bt beades fiom HP LP Tubice Fipe - Hoiizortal ~| [asTMCES ~|

Calculalion Type: I H

IHeaILc\ss'PerHoul lj Insu atlon
.

e lena st T R e |

felen  feler e Evaluation
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Fie Edt Unks Heb
BN BT TGl Fveoment | Economics OPTIONS
- X Heal Loss Per How Aepot
Iter Desciplion. 10 bar header from HP-LP Turbine  Systen Uil ASTHM C585
Geomely Descipion: Steel Pipe - Horizonkal
Barz Surlace Emittance: 0.8 Mominal Fipe Sz 250 mm .
Process Tempe 3620°C  Ave Arkieni Terg: 200°C A WwindSpest 1.0mds | nsu | ation
Relative Humidity NA Dew Point: N2A
Condersation Contrl Thickness: NJA H
Tuter Jacke! Matenal - Alminum. oxidized. in service [iter Surlace Emitancs 0.1 Eva I u at I o n
INSULATION THICKNESS Iredation Laget 1+ Caleium Silicate BLE+PIPE, Type 1, Thickress 760 mm
Surface Temperatures
Condensation Control
Personnel Frotection
COST OF EMERGY prend To st | e
Bare and Surf; | —|
Varablz Inzulation | Swifaze Temp HealLoss Efficiency
Thicknezz [EY [ m] %)
Bare 3600 244900
Layer 1 572 34770 .25
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Insulation Evaluation

Qsaqvea = (8,190 — 346) x 10 = 78.5 kW

k] o1 GJ
Fuelsaved = 78.5 —x 3, B0 — ¥ 8760 e e = U

hr yr 0.80 yr

G $ $
Savings = 3,094—] X 25.0— = 77,350 —

yr GJ yr
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Equivalent Steam Demand

The total thermal energy supply
includes the heat exchanger load

Heat exchanger Steam Supply and the un-insulated pipe load

thermal load

Heat transfer loss from un-
insulated pipe

Heated
Material

Section_6_24
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Equivalent Steam Demand

The total thermal load will decrease if
the pipe is insulated—this will decrease
Heat exchanger the heat exchanger steam demand

thermal load

Steam Supply

Heated
Material
Section_6_25
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Energy Loss Converted to
MARGINAL STEAM COST Steam Loss
High Pressure ‘ S9389 1 + If the energy impact is realized
' “at steam cost”:
Medium Pressure ‘ SaT80 1
|
Low Pressre | st

Qsavea = (8,190 — 346) x 10 = 78.5 kW

Section_6_26
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Energy Loss Converted to
Steam Loss

31810
e - Mgteam = 5 —h
Saturated liguid 184 00013l 7815l 00 1000 (Rsteam — Pcondensate)
78.5
Msteam =

(3,181 — 781.5)

k k
Meeam = 0. 0327—9 =TI

hr

Section_6_27

9 : Global
w
- . Gateway-

Pk (TED MATCNS
INDUSTRY AND TRADE The Essrtgman Unim INDUSTRAL CEVELOPVENT QRGANIATION

Energy Loss Converted to Steam Loss

Osavings = Msteam X ksteam

gt If the cost of steam is known
$
11.06 —

hr

$
Osavings = 11.06 X 8,760 = "“97,000);

MEASUR steam demand reduction can also be utilized

Section_6_28
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RESULTS SANKEY
insitagi
Percent SaAngs (%) -
Fusl Usage (Giyr)

O Adjust General Cperations

Tl Adjust Unit Costs

1 Adjust Bailer Dperations

[ Adjust Condensale Handling

Adjust Heal Loss Percentages

il \ispoR TS
541

Power Genersied (kW)

Process Uise (i)
Stack Loss (G

Vent [osses (Giyn)

Unrecycled Copdensate Losses

Glive 45 45
B Adjust Steam Demand/Usage (GJIy0) )
Turbine Losses (GJiyr) o2 0.2
[T Adjust High Pressure Steam Lisage Other Losses (Guiyn) 351 £
Annual Emissions (tonne CO;j I22,084.85 22188469
B Adjust Medium Pressure Steam LUsage Annual Emissions Savings {tonne #‘ﬁ“‘?
Baseline MadMcatons Lo o — o
Stetamn Lisage Steam Lisags b gl O L=t (ﬂ%
3 - Annusl £y -_— 88,801
s 5] e L
[ Ad)iyst Low Pressure Steam Usage
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Insulation
Evaluation
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= 3EPlus vd.0
Fle Edii Lhts Help
ENERGY ENVIRONMERNT ECONOMICS OPTIONS
- Pelitan Reticlion
|temn Descapon: 10 bas header from HP-LP Turbing  System Unts: ASTM C585
'chuu_ly Descaption: Steel Pipe - Horizof
Bae Suface Enillarce; 0.8 Nofinal Fipe Size: 250 mm H
Process Temp: 362.0°C v &whent Teme 200°C  Ave WindSresd 10mfs I n s u I at I o n
Fue: Matwal Gas Heat Confent: 4. 0144E-+070/m"3 °
FuelCost 1 $/°3 Efcency 802 Howréttaer G760 Evaluation
Oules Jacket Malerd: Aluminum, oxidized, in service Duter Suiface Embienze 0.1
€02, AU & CE REDUCTION Irsvition Laver - Calcwm Silicate BLK+PIPE. Type | Thicknezs - 76.00 mm
Emission Redurtion Table
e T A I | Bravesz,.
Wenale Insulation co2 s IE
Th'!:kness [kgeme] [kgdm/ | [rm ]
Bale 15631?]0_ 3;._4?05 4347000
Layei 1 G63.618 1977 167,033
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Common Insulation Issues

* Missing insulation due to maintenance activities
* Missing insulation due to abuse
* Damaged insulation

* Valves and other components not insulated

Section_6_32
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Insulation Evaluation for Non-Cogeneration Systems

* Steam systems providing thermal energy only (non-cogeneration) the cost of
steam is essentially the cost of fuel divided by boiler efficiency

* 3E-Plus can be used directly to calculate insulation savings for non-cogeneration
systems

Section_6_33
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Key Points / Action Items

1. There are several reasons for damaged or missing insulation

2. These areas result in significant energy losses and a continuous improvement
type insulation appraisal (audit) program should be implemented in industrial
plants

3. Some basic instruments, heat transfer models and process data are required to
quantify the economic impact of missing or damaged insulation

Section_6_34




Common BestPractices - Distribution

Repair steam leaks

Minimize vented steam
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Ensure that steam system piping, valves, fittings and vessels are well insulated

Isolate steam from unused lines

Minimize flows through pressure reducing stations

Reduce pressure drop in headers

Drain condensate from steam headers

Section_6_35
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Section 7: Steam System Optimization —Steam Demand
(End Use)

e Steam Demand (End Use)
e MEASUR Steam Demand Savings Projects
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Pressure
Reducing Vane
Gombusticn [ ™ 4l
Gases e

Combustion Air
Preheatar

Generic Steam
System
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Steam Demand

» Steam demands take on many different forms

* Reducing steam consumption can often result in the most significant energy
reduction opportunities
* Eliminate inappropriate steam use
* Reduce appropriate steam use

* Nevertheless, it is extremely difficult to cover end-uses that are specific to
industrial processes in a general class

* Hence, general methods will be described and tools provided to capture and guantify steam
demand savings
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Some Common Steam End-Uses

* Distillation towers « Steam ejectors / injectors
* Dryers * Strippers

* Evaporators * Thermocompressors

* Heat Exchangers * Absorption chillers

* Reboilers ¢ Humidifiers

* Reformers * Preheat / Reheat Air Handling Coils

Section_7_4
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Distribution Pie-Chart
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2 bars LP header
steam supply

T;=20°C
Air flow:
2,000 m3/min

2 bar saturated liquid

steam traps
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Example Steam Demand
(Pre-heat air)

A process requires air to be
heated to 80°C

Outside air is currently being
supplied to the process oven

2 bar saturated liquid
condensate enters the
steam traps
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2 bars LP header
steam supply
- Example Steam Demand
. el .
Air flow: (Pre-heat air)
2,000 m3/min

T

Qair = ma{r Cp_ai'r (T:m! T )m‘r

Q. = Z,DOOXI.188><1.006><(80—20]><$
0, =2391kW

Section_7_8
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2 bars LP header

steam suppl
A Example Steam Demand

(Pre-heat air)

Air flow:
2,000 m3/min

a
Qurr marGC an (Tm.rr K ?;n )m'r

2 bar saturated liquid
condensate enters the

steam traps Q.. =1,594kw

0, = 2,000x1.1&:8><1.006><(80—40)><E

1
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Example Steam Demand (Pre-heat air)

* Energy Savings = 2,391 - 1,594 = 796 kW

] _ EnergySavings
steamsaved [ s _h{.‘mdm.‘mp)
ot = T X 3,600
(3.181-561.5)
M amsaved = 1,094 f]_g

I
» Steam saved = 1.094 * 8,760 = 9,582 tonnes/yr
* Unit cost of steam generation: $93.72 per tonne
* Annual cost savings = $898,000
* This same analysis can be done using Steam Demand Savings in MEASUR

Pt bry USITED NATIONS
INDUSTRY AND TRADE The Essrtgman Unim INDUSTRAL CEVELOPVENT QRGANIATION
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Modification Name |Steam Demand |
[ Adjust General Operations
[CJ Adjust Unit Costs
[ Adjust Boiler Operations
Ol Adjust Condensate Handling MEASUR
O Adjust Heat Lass Percentages Assessment -
E Adjust Steam Demand/Usage Steam Demand
[C1 Adjust High Pressure Steam Usage Sa‘”ngs
O Adjust Medium Pressure Steam Usage
8 Adjust Low Pressure Steam Usage
Baseline Modifications
Steam Usage Steam Usage
70-thr [ thr |
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RESULTS SANKEY HELP
Ste D
Perent Savings (%) —_—
10%
Fuel Usage (Gl 4,416,084 4,380,326 3 M E AS U R
Fuel Cost ($/yr) $110,402.099 $109,508.157
Electricity Purchased (<Wniyr) 43,800,000 43,800,000 _
e 4350000 480,550 Assessment
Waler Lsage (meir) 640,261.2 531,994 6
Waler Cost (Syr) 422 638 419,096 Steam Demand
Power Generated (kW) 1.8482 .
Process Use (GJyr) 3178 Sa\” 1] gs
Stack Loss (GJ/yr) 91
VEnt Losses (GJAT)
Unrecycled Condensate Losses s T
(Gdtyr)
Turbine Losses (GJiyr) 0.2 0:2:
Other Losses (GAyT) A5 a1g
Annual Emissions (tc co,) 22208486 220,286 61
Annual Emissions Savings { e
S : 1,798.25
Annual Gost (8) 115,204,737 114,307,254
Annual Savings (3) —_— 897,483
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Key Points / Action Items

1. There are several end-uses of steam in industrial plants

2. Do a steam end-use balance in an industrial plant and identify the largest steam
end-users in a plant

3. Reduce steam end-use by
= Improving the efficiency of the process

Shifting steam demand to a waste heat source or lower pressure steam available in the plant

Section_7_13
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Common BestPractices — End-Use

Reduce steam usage by a process
= Improving the efficiency of the process
= Shifting steam demand to a waste heat source

Reduce the steam pressure needed by process, especially in cogeneration
systems

Upgrade low pressure (or waste) steam to supply process demands

Process integration leading to overall energy optimization of the plant

Section_7_14 Source: US DOE BestPractices Steam System Sourcebook
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Section 8: Steam System Optimization — Condensate Recovery
¢ Types of Steam Traps
e Steam Trap Management Program
* MEASUR Evaluations & Economic Impacts
* Evaluation of Condensate Recovery Systems
* Condensate Flash Tanks
* Condensate Tank Vents

* MEASUR Evaluations & Economic Impacts

Section_8 1
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Steam Traps

* Traps serve several vital operating functions for a steam system
*  During start-up, they allow air and large quantities of condensate to escape

* During normal operation, they allow collected condensate to pass into the condensate return
system, while minimizing (or eliminating) loss of steam

= There are different kinds of steam traps and hence, functionality and principles
of operation must be understood

= All plants should have an effective steam trap management program

» Steam trap failures will result in energy loss in most cases, but they will surely
result in system operation problems, safety and reliability issues in all cases

Section_8 3
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Types of Steam Traps
* Thermostatic Traps * Thermodynamic Traps
* Bellows*® +  Disc*
= Bimetallic*
* Qrifice Traps
* Mechanical Traps *  Orifice Plate

+ Ball Float *  Venturi Tube
* Float and Lever

= Inverted Bucket*

= Open Bucket

*
= Float and Thermostatic* Most commonly used

Section_8_4
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Thermostatic Steam Traps

* Responds to temperature changes

* A bellows or a bimetallic strip closes the valve
with high temperature steam

*  When condensate (typically, sub-cooled)
collects — the bellows contracts and opens the
valve to let condensate drain out

Section_8 5
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Thermostatic Steam Traps

* Opens to subcooled condensate

* Depending on subcooling can discharge
condensate or condensate and flash steam

* Allows energy recovery from condensate
* Significant air removal capability

Section_8_6
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Mechanical Steam Traps

* Opens to saturated and/or sub-cooled
condensate

*  Will discharge condensate and flash steam
= Significant air removal and startup capabilities
* Modulating type operation

Section_8 7
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Inverted Bucket Trap (Open Float)
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Mechanical Steam Traps

* Opens to saturated and/or sub-cooled
condensate

* Will discharge condensate and flash steam
*+ Limited air removal and startup capabilities

* Application in superheated steam service
should be questioned

* Intermittent operation

Section_8_8
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Thermodynamic Steam Traps

*  Works on the difference in kinetic energy
(velocity) between condensate and steam to
operate a valve

* Opens to saturated condensate
*  Will discharge condensate and flash steam
* [ntermittent operation

= Can be equipped with thermostatic element to
improve air removal

Disc Trap

Section_8 9 Source: US DOE Steam BestPractices Program
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Orifice Steam Traps

* No moving parts

* Continuous operation

« Common applications are steady loads

* Limited air removal capability due to orifice
limitations

* |ts designed for a specific amount of
condensate removal

* |f there is no condensate, then a small amount
of steam leaks continuously

Section_8_10 Source: US DOE Steam BestPractices Program
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Steam Traps in the Field
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Steam Trap Failures

* There have been numerous studies in the industry and one of the more
statistically accepted “rule of thumb” is that 10% of traps fail every year

* This depends on several factors and can be very industry specific also

* The main failure modes are:
* Failed closed
* Failed opened
*  Failed partially leaking or partially closed

* Failed open and failed closed result in the greatest system impacts
*  These failure modes are the most readily recognized
*  These failures should be of first priority

Section_8 13
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Steam Trap Investigation for Performance

* There are several methods for investigating steam trap performance
= Visual
= Acoustic
*  Thermal

*  Most times, using only one method maybe inconclusive — so the following is
recommended
* Combination of methods
*  Additional process or system information, is required

* New state-of-the-art in-trap (real-time) monitoring is available for some steam
traps

Section_8_14
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Visual Steam Trap Investigation

* Limited in applicability
*  Most condensate systems are closed
= Safety and practicality limit the use of this method

* Individual trap operation and application must be understood
* Intermittent
= Continuous

» Several traps can return condensate via a cascaded condensate return system —
condensate receiver vent becomes the point of visual inspection

Section_8_15

& ugm ®
" Gateway-

i (TED NATORS
mnusmmm: e Bl i NUETRA SEVELOPVENT CRGANZATON

Acoustic Steam Trap Investigation

*  Many instruments are available
= Screw driver
= Stethoscope
* Ultrasonic devices

* Individual trap operation and application must be understood
* Ultrasonic sensing is typically the most practical

*  Some manufacturers have tools that can take the acoustic signature of steam
flow through the trap and use that information to detect failure

Section_B8_16
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Thermal Steam Trap Investigation

* Many instruments are available
*  Temperature stick
* Infra-red temperature gun
* Infra-red thermography camera

* Individual trap operation and application must be understood

= Data can be inconclusive

* Condensate and steam will take a temperature drop while going through an orifice — hence,
difficult to say if trap is failed open!

Section_8 17
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Real-time (SMART) Steam Trap
Investigation

* Continuous testing of steam traps
» Uses combination of methods

* Thermal

* Acoustic
* Can be used on critical steam traps

» Allows for notifications on DCS, web-platforms,
phones, etc.

» Available via several communication platforms

Section_B_18
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Steam Trap Survey - Condensate
Recovery Investigation

* s condensate being recovered?

* Is the condensate recovered to the
boilers with the greatest practical
thermal energy?

* Does the condensate recovery system
place excessive backpressure on the
traps?

* |s flash steam recovery applicable?

* Design the condensate recovery
system for the greatest effectiveness

Section_8_19 Source: US DOE Steam BestPractices Program
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Steam Trap Installation

* Each trap must be installed properly
* Non-condensable gas and startup considerations must be targeted

* The condensate collection system must be considered
*  Backpressure considerations
=  Lift considerations
*  Two-phase flow considerations

Section_8_20
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Effective Steam Trap Management Program

* Maintain a steam trap database
+  Type of trap, model number, size, etc
*  Application
*  Energy loss if failed open
*  Problems if failed closed
= When was the last recorded failure, repair

= Prioritize repairs based on loss estimates and criticality of steam system and production
operations

* Daily monitor receiver vents
* Inspect all traps at least once a year

* Trap maintenance training is essential

Section_8 21
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Steam Trap Savings Analysis
MARGINAL STEAM COST

* Conduct a Steam Trap Audit
£ alid Sl * Use orifice size and calculate steam
o o leak flow
Wedium Pressure 2401 +  Use MEASUR Assessment and the
s ﬁ demand savings on each header level

*  Marginal cost of steam accounted
properly for cogeneration systems

Section_8_22
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lseation 2
Wember | iecstionDesciption | ruoomisvm
1597 WEST OF SGUTH DRY BAY, OVERHEAD STH FLOOR 1% ARMINT [ 30-Bd 118 80 DRIF cP $1,500.00
1407 WEST OF SOUTH DRY BAY, OVERHEAD 5TH FLODR r ARMINT | 30-B5 14/ 30 PROCESS o
[NW OF SOUTH DRY BAY, OVERHEAD 5TH FLOOR 15 ARMINT 1811 /8 30 DRIF ox
[NW OF SOUTH DRY BAY, OVERMEAD 5TH FLOOR bhg ARMINT | 30-A3 34 50 PROCESS Vo
5TH FLOOR 11 ARMINT B0 34" 30 HEATER [HEATER IS IN NORTH DRY BAY Vo
ABOVE VP-766, OVERHEAD 5TH FLOOR - ARMINT 1811 a/a" 130 DRIF STRAMMAN STATION IS I8 NORTH DRY Ay ox
5TH FLOOR b ARMINT | 2010 34" | 130 DRiP Vo
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© Adjust Steam Demand/Usage
W Agjust High Bressure Steam Usage
Baseline Wotlifcations MEASUR Assessment -
Steam Lage Steam Usage Steam Trap Analysis
20w 20 hr
B Adjust Medium Pressure Steam Usage * \Work with o pen failed steam
Baseline Mailifcatons traps and prepare a list of
Steam Usage Steam Usage traps failed at each pressure
40ty Al tihw Ievel
B Adjust Low Pressure Steam Uszge
Haseli dificati = X . X
Baseline Modifications mSl‘eam Oo695 Aormce I)Steam
Steam Usage Steam Usage
04 70 W
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Key Points / Action Items

1. There are different kinds of steam traps and hence, functionality and principles
of operation must be understood

2. Major steam trap failure modes - open / closed
3. An effective steam trap management program must be in place
4. There are several commercially available tools for steam trap investigations

5. Conduct a steam trap audit at least once a year and repair/replace defective
traps

6. Steam trap manufacturers are a valuable resource

Section_8 25
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Condensate Recovery

* (Condensate is produced after steam has transferred all its thermal energy and
condensed into water

* Nevertheless, there is significant thermal energy in condensate
* Every unit of condensate returned implies one less unit of make-up required

* Returning condensate
* Reduces energy (steam required) in deaerator
*  Reduces make-up water
= Reduces chemicals for water treatment
= Reduces quenching water
= May reduce blowdown

Section_B_26
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Condensate Recovery

* Condensate typically has worth
*  Energy
*  Make-up water reduction
— This generally improves feedwater quality
- Resulting in a reduction in boiler blowdown
*  Chemical

* Condensate recovery costs generally center on the recovery system piping
= Recovery equipment
«  Return piping

Section_8 27
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Condensate Recovery

* Condensate receivers serving “areas” can reduce project costs

= Condensate receivers and flash tanks serve to reduce the amount of steam
entering the condensate return piping reducing flow restriction problems

* Contaminated condensate is a critical issue
* Receiver vents are indicative of trap failures

*  Pump NPSH issues must be investigated

T S S e S B ey (A S e e Lo v
Section_8_28 Source: US DOE Steam BestPractices Program
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Condensate Return Example

l Low Pressure Steam (2 bars)

Heated Material *

Measured condensate temperature 100°C.
Condensate flow measured by bucket and
stopwatch (mass and energy balance is also a

Discharge to sewer
g common method) to be 50 litres/minute

Section_8 29 Source: US DOE Steam BestPractices Program
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Condensate Return Example

High Pressure Steam
l Vent to
| | atmosphere

Condensate
Temperature

Heated
Material

Condensate temperature entering
boiler water system is 70°C

Level
Control

Makeup water
temperature is 20°C

Insulated condensate return

A
Section_8_30 Source: US DOE Steam BestPractices Program
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Condensate Return Example

* Enthalpy of condensate: 293.1 kl/kg
From Steam Tables

* Enthalpy of make-up: 83.9 kl/kg

* Condensate flow rate: 50 litres/min

1 1 kg
Meondensate = 50X 977.8 X oo X = = 0.81 =

Qcondensate = Meondensate % (hcondensate et hmakeup)

Qeondensate = 0.81 x (293.1 — 83.9) = 169.5 kW

1
=169.5 X 80 = 212 kW

Qsystem = Qeondensare X
Nooiter .

) 25 Savings from returning
Energy Savings = 212 x 3,600 x m % 8,760 = $167,000 condensate

A
Section_8_31 Source: US DOE Steam BestPractices Program
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MEASUR Assessment — Condensate Return Savings

* Note that MEASUR requires condensate return input as a percent of
steam supplied to the process at each header level

* Manual calculations will be needed to get to the new value of condensate returned

— Steam demand on LP =70 Tph

— Current condensate returned = 50%

— Current condensate returned = 35 Tph

— Additional condensate = 0.81 kg/s = 2.92 Tph
— New condensate return = 35+ 2.92 = 37.92 Tph
— New condensate return=37.92 / 70 = 54.17%

Section_8 33
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Ldoqity Congensale Return Temperature
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Rl 105 a4 tinr

Bad 153,17 finr

14274 bt

151.21 4w
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20 tmr
44.2 G

1]
HP o LP
Turtine

r

ARG T HVY A

i
1805 Gdine

MEASUR
Assessment —
Condensate
Return Savings
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RESULTS SANKEY HELP
Baseline Condensate Return

Percent 2auings (%) =
Fuel Usage (Gly1) 4,416,088 44101012
Fllei Cosl Wylj $110 402 099 3110252531
ST Py aed (rmuy) SR AeBen
Electricily Cost (3) 4.380,000 4 350,000
Water Lsage [mAy) £40,361.2 514,650.2
el e m,ﬁ MEASUR Assessment
Poer Generaied (k) 19483 19482 -
Do cenean i - Condensate Return
Stack Loss (GJiyr] 917 916 i
Vent Losses (GJAN SaVIngS
Unrecycled Condensate Losses

i 45 434
(G
Turbine Losses (Gdiyri 0.2 02
Other Losses (GUAT) 351 339
Annual Emissions (fonne CO;]  222.084.86 221,783,989
;:;ui Emissions Savings (tonne - ;
Annual Cost (§) 118,204,737 118,038,207
Annual Savings (§) — 186,831
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Condensate Return Example

- To Low Pressure
High Pressure Steam Steam System

From Additional Steam Traps
Level

Control

To Condensate System (pumping may not be required)

Source: US DOE Steam BestPractices Program

Section_8_37
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Modification Name [Condemmsatz Flash Tanks

L1 Adjust General Cperations

I Adiust Unil' Costs

E Adjus1 Baller Operations

8@ Adjust Condensale Handling

MEASUR Assessment -
Condensate Flash Tanks

LI Addjust-Low B

editm Pressure

B Flasn Conden

ling Iadifica

Fiash Condensate to Medium Pressure Flash Condensate to Medium Pressure

Mo e vl

Flash Cona,

Haseline I
Fiash Condensate to Low Pressure Flash Condensate to Low Pressurs
e Yes |

Section_8_38
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[Condensate Flash Tanks  ~ Q — A
147.91 vhr Click-on and and for mare

10 v

MEASUR
Assessment -

Condensate
Flash Tanks

. T -

sondensing HPie LP

/L Turbma / Turbing
te t

958 2 kW

-

>
70.45tme  UsEge
1806 Gahr

Bl 155 65 thr 1648 thr w0

()

€
139 21 v

&1.38 thr
122w
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RESULTS SANKEY HELE
! Fiash Tanks
Percent Savings (%) —_—
— 2.0%

Fiiel Usage (i) 4,415,084 43127043
Fuel Cost ($yr) $110,402 059 $107.B42,608
Elecincry Furchased (KARY) 43600000 800,000 MEASUR Assessment
Eleciricity Cost (3] 4,580,000 4,380,000
Viater Usage (Mo 640,3612 541,171 4 - d I h
WEIECCOSEIR). H228 AT con ensate F as
Power Generated (kW) 1.9482 1,945 2 k
Pracess Uss (G 207 2207 Ta NKS
Sk Lovs (Gl o7 w06
Vent Losses (G
Unrecycied Condensate Losses

15 452
gy
Turbine Losses (GJfyr) 0z 0.2
Cither Losses (S4yT) 351 254
Annual Emissions (tonne CO;)  222,084.88 218.336.13
Annual Emissions Savings (tonne 514867
{=1=5]
Annual Cost (3] oz 112645781
Ann —
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Condensate return Temperature
should be > 100°C

MEASUR Assessment —
0.0 th Condensate Tank Vent HX
-0l * Note — this is possible ONLY with
. condensate return temperatures
------- A e .
- * Note — this is NOT possible right
_ .. hdiman now in MEASUR due to a
-t e technical glitch but can be
e 00 th] modeled with the Flash Tank
Cone T vert . S 226C__ Calculator
7.9 tth 7.9th

Section_8 41
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MEASUR Assessment — Condensate Tank Vent HX

a FLASH TANK REsLTE HELP

Pressirs i = ! _ ikt Sieam Ot U Ot
Hoo et Gy ] e = -
i 7 e W om "
= = | so Bty i) 52t 26755 m
Mase Fow ] | AR & S — -
7 ]ss'wm 1873 138 1307
Tank Prassure 0 | | Ligid Gx Ligad |
e | o Coy
|Energy Fow GIM %5 1 5 |
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Key Points / Action Items — Condensate Recovery

1. Returning condensate
*  Reduces energy
*  Reduces make-up water
* Reduces chemicals for water treatment
*  Reduces quenching water
*  May reduce blowdown

2. Condensate recovery is often neglected but it can provide significant energy
savings

3. Quantify the amount of condensate being recovered in a plant using a simple
mass balance on the entire steam system

4. Identify potential areas of condensate recovery

Section_8_43
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Common BestPractices - Recovery
* Implement an effective steam-trap management and maintenance program

* Recover as much as possible of available condensate
» Recover condensate at the highest possible thermal energy

* Flash high-pressure condensate to make low-pressure steam

e e D
Section_8_44 Source: US DOE BestPractices 5team System Sourcebook
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Section 9: Steam System Optimization — Combined Heat &
Power (CHP) or Cogeneration

¢ BackPressure Turbine — PRV Operations

e MEASUR Turbine Projects Economics

e Condensing Turbine Impacts

¢ MEASUR Condensing Turbine Projects

Section_9_1
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Turbine 35%

Industrial Cogeneration

Fuel Input .
* Industrial facilities can achieve

“overall energy efficiency” of
/ \ 70% or higher, because they
—
have a need for thermal energy

(process heat).......

Boiler 85%

Section_9_2
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Classic Cogeneration Analysis

* The classic cogeneration analysis answers the following questions:
*  What is the true economic impact of cogeneration?
*  When is it viable?

— To operate or shut down
— Toinstall

*  What changes, if any, will be required on the steam system?

*  What changes, if any, will be required for the electrical utility system and grid
interconnects?

Section_9_3
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Primary Factors for Cogeneration Analysis

* The primary factors impacting the analysis are:
* Impact electrical cost
* Impact fuel cost
* Boiler efficiency
» Steam turbine efficiency
* Steam demand

Section_9_4
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Impact Costs

* Impact cost is the actual economic impact of increasing or decreasing electrical
consumption

* The average cost of electricity is typically NOT the appropriate analysis value

* Athorough understanding of the electric rate structure is essential to evaluate
the true impact of power generation systems

Section_9_5
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Example Turbine-PRV Evaluation
* A process unit is equipped with 6 identical pumps
that are installed in parallel
*  Only 3 of the & pumps are required to operate continuously
— The remaining pumps are spare (backup) units

*  Electric motors drive 4 of the pumps and steam turbines drive 2
of the pumps

— 1 turbine-drive is being used at this time

« I|dentify the economic incentive associated with
operating the second turbine

*  Compared to operating an electric motor driven pump and
passing steam through a Pressure reducing Valve (PRV) to satisfy
the low pressure demands

P99988

Section_9_6
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Boiler Number 1 Boiler Number 2 Boiler Number 3
Coal MNatural Gas

Purchased
Electricity

HP process
steam demand

y
Site electrical
demand

Steam

¥ Makeup water
Discharge to sewer _T_rogess ccngensare
= urbine condensate System

Indicates a flow meter
installation

Section_9_7
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Turbine-PRV Economics

Steam: 25 bar(g), 375°C

Purchased Electricity: 0.10 $/kWh

Fuel: Natural gas (525/GJ)

'4

Turbine isentropic
efficiency: 35%

Boiler Efficiency: 80%

Operating period:

qQ, =14,300 kW
8,760 hrfyr !

Steam flow through one turbine is nominally 21 Tph
discharging at 2 bar

Saturated liquid condensate is discharged
from the load at 2 bar

Section_9_8




PRV Operations

kttmm = 39] 80 .9 E
horyos = 3,180.9 L8
kg
k(‘mid’ema!e = 562 -2 E
kg
Qrﬁerrmf =, 14’300 kW

Q thermal

= Mppy X (hPRVmH -

8

INDUSTRY AND TRADE

P =25 bars; T=375°C

¥
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P = 2 bars; Isenthalpic; T = 354.7°C

P = 2 bars; Saturated Condensate; T = 133.7°C

condensate )

PRV Operations

Fuel: Natural gas
($25/Gl)

Steam: 25 bars, 375°C

PRV steam discharge

temperature: 355°C

(isenthalpic)

PRV steam flow:
19.6 Tph

Mppy = 4.0 —5.45%8 _19 63 Tph
(3,180.9-562.2) s
Section_9_9
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Purchased Electricity:
1,000 kw
$0.10/kWh

AN

L 4

Thermal demand:

2 bars LP steam

(14.3 MW)

Section_9_10




~ Global @
e Gateway-

Py UNTED NATIONS
ummmamns e Bummpaan Unis  NOUSTRRAL SEVELOPENT CRGANZITON

Backpressure Turbine Economics

* Most industrial systems require thermal energy (not mass flow of steam)

* The turbine will extract energy from the steam and convert it into shaft energy
* The steam will exit the turbine with a reduced temperature

* The result will be an increased mass flow of steam required to satisfy the
thermal demand

Section_9_11

. Global @
e " Gateway-

Pk (TED MATCNS
IHDUSI'N'\"AFDME mmumn INDUSTRAL CEVELOPVENT QRGANIATION

Steam Turbine Operations

kJ
h.ﬂmm = 3,l 80.9 — P =25 bars; T=375°C
kg
kJ
Mrbineows = 3,009.8 — P =2 bars; T = 271°C
kg
kJ
kc‘onden.\'me = 562 '2 % P = 2 bars; Saturated Condensate; T = 133.7°C
Qﬂrerma? = 14’300 kW
thenmf = mrurhme x (hir"urm'nmur - hoonden.m.re )
14,300 ki
= ’ =5.83-5 _21.0 Iph

Murmine =13009.8—562.2) s

Section_9_12
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Steam Turbine Operation

Steam: 28 bar(g), 375°C No Purchased Electricity

Steam flow
21 Tph

1,000 kW of power production

Fuel: Natural gas
(S1/Nm?)
Steam temperature Turbine isentropic efficiency: 35%
271°C
Thermal demand: 2 bars; 14.3 MW
Section_9_13
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PRV - Backpressure Turbine Economics

* Electrical Energy and Cost Savings
Energy Savings =1,000 x8,760 = 8,760 MWh
Energy Cost Savings = 8,760 x1,000 x0.10 = $876,000
* Fuel Energy and Cost Increase
> (hs.':eam = hfeedwater) x 8,760
Nboiler

(3180.9 — 463.5)
Energy Increase = (21— 19.6) x 1,000 x 080 x 8,760 = 41,658 GJ

Energy Increase = (Myyrpine — Mpry) X% 1,000

Energy Cost Increase = 41,658 x 25.0 = $1,041,450

Section_9_14
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PRV - Backpressure Turbine Economics

* Net Economic Impact
Electric Power Cost Savings = $876,000

Fuel Cost Increase = $1,041,450

Net Economic Benefit = —$165,450

* The primary factors impacting the analysis are:
= |mpact electrical cost
*  Impact fuel cost
= Boiler efficiency
*  Steam turbine efficiency
* Steam demand

Section_9_15
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PRV - Backpressure Turbine Economics

* Net Economic Impact
Electric Power Cost Savings = $876,000

Fuel Cost Increase = $1,041,450

Net Economic Benefit = —$165,450

* This identical analysis can be and should be done with the MEASUR Assessment
depending on which turbine is being modeled in the analysis

= Systems approach versus Component-based approach

Section_9_16
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Maodity High to Low Fressure Steam Turbine

B Change Initial Turhine Status

Baselne
Turbire Status
On

Adjust izentropic EMolency

Modifications
Turbine Status
[@n %

MEASUR Assessment —
HP-LP Steam Turbine

Fi] [oie

Basefing Modifications
Isentropic EMciency Iseniropic EMciency
£l [ES = T
I e Tremendous flexibility
B Adjust Generator EMgiency to model steam
Baselne Maodifications tu rbine projects and
Generator EMciency Generator EMciency . .
s i %] their actual operations
in the field
Medify Cperalion Type
Bassline Modifications
Operalion Typs Operation Type
Hteam Flow | Steam Flow -
Fixed Fow Elxed Flow
B I 2] "
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Modify High to Low Pressure Steam Turbine
B Change IniliE) Turbine Status
Baseline Modmcations
Turbine Status Turbire Status
On Cin ~
B Adjust Isentiopie EMcEncy M EASU R
Baszeline tl
sestopic Eficncy semoptc Emciency Assessment — HP-LP
36 5 [%] o
Steam Turbine
Mdjust Generator Efficlency
Baseline Modimcations
Generator Efficlency Generator Eficlency
1% E7
IModify Operation Type
Bassline Modifications
Operation Type Operation Type Turning ON one more
Steam Flow Staan Flow ~ bi
i T Foedfow steam turbine —

|2 [ * double the steam flow

Section_9_18
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MEASUR
Assessment — HP-
LP Steam Turbine

0.7 tuir <
85 5511
143 83 tihr
TAB N t::i:
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RESULTS SANKEY HELP
Baseline HP-LP Turbine
ey =
Fuel Usage (G 4,416,084 44598205
Fuel Cost (Shr) 510,402,099 §111.495 512
Bfectricity Purchased (KA il SELOARLE
Eleciricity Cost (S) 4,380,000 3505518
Wiater Usage (myr] 64013612 5458954 M EAS U R
\iater Cost (Siyr) 422,638 426,292 — _
R S e S Assessment — HP
Process Use (GJyr) 207 207 H
L = - LP Steam Turbine
vent Lesses (B0
Unrecycied Condensate Losses
45 453

(Gdhyr)
Turhine Losses (Glyr) 02 02
Ofther Losses (G7yr) 81 353
Annual Emissions {tonne CO,)  222,084.86 220,777.48
::;as Emissions Savings (tonne = 130737
Apnual Cast(3) 115.204737 1sd2raz
Annual Savings ($) — -221 685
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MINISTRY OF

INDUSTRY AND TRADE

MEASUR Assessment — HP-LP Steam Turbine

= Differences between the “Manual” versus “Model” calculated results can be
significant when working with cogeneration type projects

* The Model results are very accurate
* Uses a SYSTEM approach and not just a component
— Impact of condensate temperature
— Impact of blowdown, deaerator steam flow, make-up water, etc.

= Completes a detailed mass, energy and economic balance

* ALWAYS use a SYSTEM based model for analysis

Section_9_21
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RESULTS SANKEY HELP
Bassling HPLP Turbine
Percent Sﬁnm {%%) —_—
Fugl Usage (G 1,416,084 44395205
FuelCost(Byr) £110.402,099 111,495,512
Electneity Purchased (KWhiyr) 43 800,000 36,066.183.2 - -
Seamiaee = e Electrical Price Impact
Wiater Usage (mAr) 6409512 458964
Vater Cost (S 2253 %297
Power Gencrated (<) 19402 29:63 * Electrical priceis
Frocess Use [GAyr) 20T 20T A
S i =7 increased from 0.10
Vert Losses (G S/kWh to 0.125 S/kWh
Unrecyded Condensale | osses 5 453
(Gdyr) )
Turhine Losses (Gliyr) 02 02
Ottier Losses (GIVr) 2 - w3
Annual Emissions (tonne CO;)  222,084.85 22077748
g‘lﬂl Emissions Savings (tonne 1 ,W.ST
Annuz| Cost (S} 116,299,737 118303827
Annual Savings ($) - 4,089

Section_9_22
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RESULTS SANKEY HELP
Baseline HP-LF Turbine
Percent Savings (%) ——
Fuel Usage (GUyD 42498314 42915214
S Gt (87) SHLTITI07 SN0 Fuel Price Impact
Electicity Purchased ("WYY A3500.000 05152
Electicily Cosl(5) 4,280,000 2505518
\Nater Usage (m? 640,3672 5145 895 —
mm‘éﬂﬁn 4;1533 4:52924 * Fuel price is reduced from
Power Generatzd () 15482 29463 $25 per GJ to $13.6 per GJ
Brocess Lse [GUT) 3207 307
Slack Los (G 728 735
ent Losses (S o i
Divecyded Condeneaia Losees - * Thisis representative of
et i o average fuel price for the
isORe | nsses (G b px example system — all
Cither Losses (GJAyr) 354 353 .
Annual Emissions (lonne COx) 21872402 21253384 boilers respond to demand
Annuzl Emissions Savings (lonne 1501 increase/decrease equally
coy - 280,
Annua) Cost (S) 625600,345 62302040
Annuzi Savings (3) - 298,305
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RESULTS SANKEY HELP
o Erseline B ERbing
Percent Savings (%) —_——
N Fuel Impact
| Fuet Lisane (G 41BES01.4
Fuel Oost (847) 522 498107 22721907
ﬂmgm’:jﬂtm e el * Impact fuel is now coal
Eleciricay i . M
wn_eru:;ag: o-:'agn 6405612 55,6961 at a price of $5.4 /GJ
Water Cost (SAT) :2:‘:? = instead of Natural gas at
5207 e $25.0/G)
=9 fap = Boiler efficiency is now
= o 86.7% (for coal) versus
_ 0z 5z 81.8% (for Natural gas)
7 381 33
-/ —— .
: ; 165,756.39
E7,5301,748 26,653,847
— 647,895
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LI €nange Iniiial Turbine Staius
Adjust lsentropic Efficiency
Baseline
Isentropic Efficiency
sy

DIAnust Generaior Enc

O Madiy Operation Type

Medifications
[seniropic EMciency
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Improved Turbine
Efficiency

* The isentropic turbine
efficiency is now 65%
instead of 35%

*  What should be expected?
Increase or Decrease in
Operating Cost?

-0 0 MOl S-0ver SOUIPTIAI 3N CORMBOMENES T MoRk
datak

i is >>1,000 kW

»

TOF ihr
180 $ GJinr
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| HP-LP Turtine v Q| —

Improved Turbine Efficiency

* The isentropic turbine
efficiency is now 65% instead
of 35%

= Higher efficiency turbine
extracts more power out of
the steam thereby reducing
steam enthalpy at the
exhaust
= Resulting in more steam

to be generated by the
boilers!

Power produced

Section_9_26




N :, . E- " \@':}
Qm; " ga‘ieﬂay- ?‘fii

MINIST! A
INDUSTRY AND TRADE the Fusrsgaan Uniim NOUSTRAL DEVELOPMENT CRGANIATION

RESULTS EANKEY HELP
Baseline HP-LF Turbine
Bercent Savings (%) == -
Fuel Usage (GJiyn) 4,166,501 4 4.201,8739
Fuei Cost {$4T) 5104 15;.534 3100,046 343
Elecinicity Purchased {kKWhir) 43,800,000 36,306.2999 .
Sichicty Cox 3200000 36050 Improved Turbine
Watter Usage (m*ivr) 540,361 2 B45,106.9 Efﬁ cien cy
Waler Cost (341} 422,638 425,771
Pover Generated (W) R 28t
gﬂ:&mf :i? 305" = The isentropic turbine
Venit Losses (G efficiency is now 65%
Unvecyckd Condensale Losses o instead of 35%
(G0 %
Turbine Losses {GIyr) 2 02
‘Diher Losses 1GAyr) 51 3
Annual Emissions {tonne C0,)  208,533.35 208.306.04 ]
Annual Emissions Savings {tonne
i = 1221.0
annual Cost ($) 108,985,172 108,103,148
Annual savings () - -137,976
Section_9_27
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Power el Cast Combustion| Turbine |Additional |Additional i
Description Cost Efficiency | Efficienc| Power | Steam i
Shkwh | 96l % % kw Tph Sfyr :
ol %o PTINET) ) Turbine-PRV Examples
: . ' : Summary Information
Base Model| ST Efficiency ca | ’
| 0100 250 818 650 850 129]  (190,98)
MIEASE *  These examples indicate the
critical importance of
0100] 0| 88| mo| 90| %] (me%) Impsct parametecaceyracy
P *  Each facility is unique and
0,125 750 818 30 998.0 150 (4,089) will need significant due
Power Cost diligence before
Added 15T § implementation of these
Senfom | o] 16| mo| mo| 0| 1m| 2mas projects
all bailers
Steam from
; 0.100 5.4 867 310 9980 150| 647,899
coal boiler
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Net Savings ($553)

S TH Backpressure
""" Turbine Economics

Cost of steam turbine power

Annual Operating Cost (5)

generation
H Power
B Natural gas
PRV Operation Turbine Operation
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Variables for Industrial Applications

* Constant steam flow

= High pressure supply steam

* Existing Pressure Reducing Valve (PRV)

*  Multiple steam header system

* Simultaneous steam and electric (power) demand

* High run hours

Section_9_30




Key Points / Action Items

versus an ideal turbine

operating factors
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1. Backpressure turbines are used instead of pressure letdown stations

2. Turbine efficiency is NOT 1°t law efficiency but a comparison of actual turbine

3. Continuous operations with a simultaneous thermal and electric demand are
good candidates for backpressure turbines

4. Each facility analysis is unique and will depend on several economic as well as

5. Turbine analysis will need a solid thermodynamic steam system model

Section_9_31
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Condensing Steam Turbines

¢ Condensing turbine discharge
steam pressure is less than
atmospheric pressure

* The steam must be condensed to pump
it back into the boiler

= Exiting steam quality is typically much
greater than 90%

Section_9_32

Source: US DOE Steam BestPractices Program




100 Units of Thermal Energy

73 Units of Thermal Energy

Condensing Turbine

27 Units of
Shaft Energy

.
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Condensing Steam Turbines

* The steam entering the condenser
contains a huge amount of fuel
energy

Section_9_33

Source: US DOE Steam BestPractices Program

Condensing Turbine
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Condensing Steam Turbines

¢ The primary factors influencing
condensing turbine operations are:
= Purchased power cost
*  Purchased fuel cost
*  Turbine efficiency

*  Boiler efficiency

*  Turbine discharge pressure

Section_9_34

Source: US DOE Steam BestPractices Program




Condensing Turbine
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Condensing Steam Turbines

= Efficiency reductions can result from:
* Blade deposits
* Blade erosion
*  Seal wear
*  Wet steam
*  Throttling

* Efficiency improvements can result
from
* Replaced blades
* Improved seals
*  Turbine replacement
* |Increased load

Section_9_35

Source: US DOE Steam BestPractices Program

Condensing Turbine
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Condensing Steam Turbines

* Condenser pressure can be

reduced (improved) by

* Removing nan-condensable gases from
condenser

= Cleaning the condenser

* Supplying the condenser with reduced
temperature water

*  Supplying the condenser with additional
cooling water

Section_9_36

Source: US DOE Steam BestPractices Program




Boiler Number 2
Heavy Fuel Qil (HFO)

Boiler Number 1
Coal

v
Discharge to sewer

+ Indicates a flow
meter installation
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Boiler Number 3
Natural Gas
1 " Blowdown ok Purchased
Electrici
i Steam System
HP process E

steam dcmam‘

s EREE R

Site electrical
demand

Makeup water
Process condensate

Turbine condensate

Section_9_37

Modily High Pressure to Condensing Steam Turbine

CThange Initial Turbine Status
Ba
Turbine Status

on

=line

Adjust |sentropic EMcicncy
Basalne
Isentropic EMMCiSncy

A%

O agjust Generator EMciency
Modify Condenser Presiure
Baseline

Condenser Prassune
D.1Sbara

Moy Operation Type
Basaline
Dperation Type
Power Goneraton

Fixed Power 950 | v |

Modifications
Turnine Status,
n
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MEASUR Assessment -
Condensing Steam

Turbines
Mexdifications
Izentroplc EMciancy

80 , .

' =] *  Implementing MEASUR
Assessment will involve a
major change in steam

Modificalions
Condenser Fressurs demand
[os [bar=] +  Be very careful while
evaluating this project
Modifications
Oiperation Type
[Power Generation _ ~ |
Fied Power
(950 [
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Condensing Turbine
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MEASUR Assessment -
Condensing Steam Turbines

* MEASUR allows
The addition of a condensing turbine
Modification of major aspects of an
existing turbine
— Isentropic efficiency
— Discharge pressure
— Load
- Flow
= Power

* Elimination of the operation of a
turbine

Section_9_39
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MEASUR Assessment -

4 Madify High Pressure fo Condensing Steam Turbing

Condensing Steam

Change Infial Turbina Slatus

Jaszline Iodificains

Troine Statis

Turtine Staus

{n Of v

Turbines

* Impact of switching off
the condensing turbine

Section_9_40




LCondensing Turbine
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Cick-on and mouse-over equament and campanents for more:

TOOF e
08 B

Large change in steam flow!

MEASUR
Assessment -
Condensing
Steam Turbines

Wakaiin
72T the :::
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RESULTS EANKEY HELP
Turbine
Percent Savings (%) _
— 3.0%
Fuel Lisage (G 4,416,084 47522556
Fuel Cost (81 £110,402.099 $106.555 490 ME AS UR
Eleciicty Purcrased (Wimy) 43800000 52.122.000
Electricity Cost {5) 4,380,000 5.212,200 -
Vizter Usage (meT] B4D.361.2 5379528 Assess me nt
sl Gost (ST Lo At 1
Fover Generated () ke i s CO n d ensin g
Frocess Lise (Gl 3207 3207 .
Stk Loxs (S0 57 s Steam Turbines
“Vent Losses (Gl
Unrecycled Condensate Losses
(@) = 2
Turbine Losses (Giyr) 0.2 0
Cther Losses (Gliyr) 351 348
‘Annual Emissions (tonne CO;) ‘222,084 86 217 6B6.74
::;ml Emissions Savings (tonne _ 38812
Annual Cost ($) 115,204,737 112,189,738
Annual Savings ($) — 5,014,899
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4.0 111 78 60
6.0 167 116 89
8.0 223 155 119
10.0 278 194 149
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Condensing
Turbine
Performance

Condensing Turbine Pressure Effect
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* |t should be noted that a minimum pressure is generally attained where
maximum energy utilization efficiency is achieved

-

In other words, there is generally a pressure threshold that further reductions in
discharge pressure result in reducing overall cost effectiveness

Velocity losses begin to be excessive

— This is very dependent on the turbine design
- Larger annular steam flow area reduces the loss

Condensate is returned to the boiler at lower temperature

Common design is for 1.5 inches of mercury absolute (0.05 bara) condenser pressure

Section_9_44
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+10
[
/‘ = 25% flow
+8 //
50% flow

9 - Condensing
@ / / 75% flow =
B 4 ~ Turbine
: v 7 =
3 /2 ] £
£ r 100% flow Pressure Effect
= ]
[:4] ]
2 0 #
@
5 06 4= 104/ 15 | 20 ] 25 | 30| 35
= —— /

4 p

-8

Exhaust pressure [inches of mercury absolute]
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Key Points / Action Items

1. Condensing turbines are used strictly for power generation or driving large
mechanical equipment

2. They serve niche applications in the industry
3. Condensing turbines provide maximum shaft power per unit of steam flow

4. Each facility analysis is unique and will depend on several economic as well as
operating factors

5. Turbine analysis will need a solid thermodynamic steam system model|

Section_9_46
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Common BestPractices —Turbines

Process and utility integration leads to overall energy optimization of the plant

Install backpressure turbines in parallel with pressure letdown stations and
minimize flow through letdown stations

Evaluate backpressure turbine applications for direct mechanical drives

Evaluate condensing turbines and optimize their operations to maintain design
conditions

Condensing turbines can serve as a system balance mechanism especially, in
industries which have significant waste heat steam generation

Section_39_47

Source; US DOE BestPractices Steam System Sourcebook
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Determination of boiler efficiency

UNIDQ's 2-day training course on optimizing industrial steam systems for
household users.

Additional compilation by: Dr. Nguyen Xuan Quang, Faculty of Thermal Energy,
School of Mechanical Engineering, Hanoi University of Science and Technology
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Determination of boiler efficiency according to TCVN 8630-2019

* Types of fuel used in Vietnam

* Fuel heating value, concepts and influencing factors.

* Vietnam Standard TCVN 8630-2019 and what you need to know.
* Direct method of efficiency, indirect method of efficiency.

* Flue gascomponents and how to determine

* Dry oxygen, wet oxygen, concept and method of conversion.

* Losses due to flue gas

* Other losses.
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Fuel used for industrial boiler

Fuel used
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Fuel used for industrial boilers

+ Types of fuel used
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Coffee bean skin

Cashew nut skin
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The composition of the fuel

+ Ultimate analysis:
* There are 5 chemical components including: C, H, O, N, S, Ash (A), Moisture (M) in
which C, H, S are combustible components that generate heat.

* The heat generated by the combustion of a fuel is due to the % C, H, S of the fuel
more or less.

. gombustion reaction: C +0, = CO,; H,+1/20,= H,0; S+0, =
2
* Proximate analysis:

* There are 4 components including, ash, moisture, volatile matter (V), the fixed
carbon represent the combustible characteristics of the fuel.

C+H+O+N+S+A +M =100%
A+ M+ V+C =100%

* Laboratories can now easily determine the Ultimate analysis as well as
Proximate analysis of fuels

8 fnm ®
Fuel heating value e R s

* Fuel heating value. Energy contained in 1 unit mass Ugen Suppli~g L trermameter
of fuel is given in klJ/kg; kCal/kg; Btu/lb etc. -

* High heating value: Higher Heating Value SHHV} or Gross i | e i nagrifying
Calorific value (GCV) is the fuel heating value assuming that =l cyepiece
all the amount of water vapor formed during combustion is
condensed and the amount of heat generated during that
condensation is included in the heating value. S

* Low heating Value {LHVLor Net Calorific Value (NCV) is the ~ jacket
fuel heating value with the explanation that all the amount =z
of water vapor formed during combustion is not condensed buckst

and that the amount of heat released by condensation is = .
lost. ‘heater-

* Heating value is also divided according to concepts such as water-
isobaric heating value, isometric, dry sample, working
sample. T % _
+ The distinction between the heating values of a fuel is S RIRDA S s B
necessary to evaluate a fuel and to serve as a basis for 1957 Encuslopaetia Britannica, Inc.
determining the performance of equipment that converts ”
energy from fuel. Bomb Calorimeter
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Fuel heating value

* The heating value when analyzed in the laboratory is high heating
value, isometric, dry sample.

* The heating value when burning in the furnace is low heating value,
isobaric, working sample (with moisture).

* Efficiency can be calculated based on high heating value or low
heating value, whereby if calculated based on high heating value,
the efficiency value will be lower and when calculated based on low
heating value, the efficiency value will be higher.

@ 2 clabal (g
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Fuel analysis according to national standards TCVN 200:2011

* The heating value when analyzed in a calorimeter bomb usually gives us the value of the
high heating value of the dry sample (often called the total heating value) denoted by

qv.gr.m

* Convert this heating value to high heating value according to the working sample
according to the formula.

q\r.gr.m = qv.gr.d{l'g:()lMT) (J/g]
* Where MT is the humidity of the working sample(%)
* Convert to low heating value working according to the formula
Opnetm={0vgra — 212H4-0,8(04+Ny)}(1-0,01M;)-24.43M;
Or
Op.netm=Cugrm — 212H-0,8(0+N;)-24.43M;

Where the symbols d: dry; T: actual; gr: high; Net: low. p: isobaric; V: isometric. Unit of
H,0,N content in (%)




Example

Perform calculations with the following values:
Total moisture content: 8,9% (Sample received)

Moisture content in the analytical sample: 2,5% (Air
dry sample)

Total Heating value, at constant volume27 230
J/g (Dry Sample heatmg\!alue]

Hydro 4,19% (dry sample)
oxy : 6,81% (dry sample)
nito' 1,45% (dry sample)

The Low heating value at constant pressure can be
determined as follows:

a) in a dry state

= [27 230~ (212 x4,19) - 0,8 (6,81 + 1,45)] X
i “eﬁ%nm {24 43x0) = [Jz7 230-888,28— (0,8
5(?3%6] x1-0=(27230- 888,28 6,608) X 1=

@ ! Global
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b) in the receiving sample

Op et as-received = [27 230 — (212 x 4,19) - 0,8 (6,81 + 1,45)] x
[1—1(0,01 x 8,9)) — (24,43 x 8,9) = [27 230 — 888,28 — (0,8 x
8,26)] x (1 =0,089) - 217,427 = (27 230 — 888,28 — 6,608) x
0,911 — 217,427= 26 335,112 x 0,911 — 217,427= 23 770 J/g
c)in an air-dry state

Qpnetairdried = [27 230 — (212 x 4,19) - 0,8 (6,81 + 1,45)] x [1 -
(0,01 x 2,5)] — (24,43 x 2,5)= [27 230 - 888,28 - (0,8 x 8,26)]
x (1—0,025) - 61,075= (27 230 — 888,28 — 6,608) x 0,975 —
61,075= 26 335,112 x 0,975 — 61,075= 25 676,734 - 61,075=
25620 J/g

Notes

1calig = 4,1868 J/g 1j/g = 0.2388 cal/g

1btudlb = 2.326 Jg 1J/g = 0.4299btu/lb

=S " giabal B Guipo
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National standard on energy yield and test method TCVN 8630-2019

 Applicable to boilers in Vietnam

* Issued in 2019 to replace TCVN 8630 - 2010 standard
« The minimum performance regulation has more detailed cases with 5

savings levels

» The performance test method follows both forward and reverse
equilibrium and does not stipulate a minimum test time.




TCVN 8630:2019 8 inm @

Fuel | Enerey Fuel | Emergy Boiler Capacity D, t/h
types efficiency D<3 3zD=z15 | D>15
level Energy efficiency %
evel 1

efficiency D<3 3<D=<15 D> 15
level Energy efficiency %

Level 1 76 82 85 88 90 92
Level 2 73 78 82 84 88 90
Level 3 70 75 78 82 35 83
1S I W 8 L e
78 80 82
Level 1 75 78 82
Level 2 73 76 78 & £l =
Biomas RS 70 73 75 85 89 92
= Level 4 68 70 72 82 87 90
Level 5 65 68 70 81 85 87
Requirements for -Evel 80 83 85
equipping the flue Complio Requirements for
CEEN RGNS Optional  Encourage equipping the flue gas Optional E Compuls
unit of the boiler heat recovery unit of REona flieourage ory

itself the boiler itself :
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TCVN 8630:2019

* Level 1: Energy saving level type 1.
* Level 2: Energy saving level type 2.

* Level 3: The minimum applies to new boilers and no more than 2
years of operation.

* Level 4: The minimum applies to boilers that have been operating
for more than 2 years to less than 10 years.

* Level 5: The minimum applies to boilers that have been in
operation for 10 years or more.




Boiler efficiency based on direct efficiency

Boiler that produce saturated steam

Dy (h, =h,.)
=— =< 100%
=80

Boiler that produce superheated steam and reheated steam

_Dyg(h, —h_‘)+D‘_."’“.{h,;, "’;w)
i B0

100%

* It is necessary to measure the amount of steam produced (through a supply water
meter or steam meter)

* It is necessary to determine the amount of fuel consumed (operation management
determines the number of vehicles/buckets of fuel used.

* Fuel Heating value (fuel moisture analysis and management) should be determined

AT iy,
+ Global NpY
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Boiler efficiency by indirect method (TCVN 8630 - 2019)

* Boiler efficiency according to indirect method is determined from the
determination of heat losses:

7., =100"(Q2+Q3+Q4+q5+q6)

Trong dé:

* g, is the heat loss due to the flue gas from the boiler, %;

* g, is heat loss due to incomplete chemical combustion, %;

* g, is a heat loss due to incomplete mechanical combustion, %;

* g, is a heat loss due to heat dissipation to the surrounding environment, %;
* g, is heat loss due to heat of slag, %.
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Determination of the theoretical components of
flue gas

* Theoretical composition = composition produced when completely combustible,
not lacking is determined based on chemical reactions and analytical chemical
composition of the fuel.

c + o, = co,
H, + 120, =  H,0
s  + 0, = SO,

* Theoretical components contained in flue gas will include::
* CO, from carbon combustion

* H,0 from the combustion of Hydrogen, from the moisture component in the fuel, from the
moisture present in the air introduced into combustion

» SO, from combustion Sulfur,
* N,: from the incoming air and N in the fuel

Determination of components in theoretical flue gas
Component

Stoichiometric air VO, = 0,0889(C + 0,375S ) + 0,265H - 0,0330
Water vapor in flue gas formed by burning Hydrogen 0.111H

Fuel

Water vapor formed due to moisture from fuel 0.0124 M

Water vapor forms due to moisture in the air 0.00402 d VO,

Theoretical steam in flue gas V050 = 0.111H + 0.0124M + 0.0402V°,,
Theoretical nitrogen in flue gas VO, = 0.79 VO, +0.008N
Theoretical RO2 (RO2 is an integration of CO2 and V0z0, = 0.01886(C+0.375S)

502)

Theoretical dry flue gas Voikhe = oz + Voo
Theoretical flue gas VO o= Vonsikne + Vohzo

Notes: m?,, is a unit of volume calculated under standard conditions of 0°C and 1 atmosphere whereby Imol =
22.4 standard liters or Tkmol = 22.4 m3ic.
Air moisture content d in g of water vapor / kg of dry air can be easily determined when knowing the relative

humidity and ambient air temperature according to software or mobile apps.
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Actual air and actual components 1n flue gas

* The combustion process needs to supply an amount of air more than the theoretical
amount of air. The excess air coefficient is a coefficient representing the ratio of actual air
to theoretical air according to the formula:

tt

_ Vi
- 0

Vk K

* The excess air ratio is a coefficient representing the ratio of excess air to theoretical air:

thira Le thira 0

.V v, vitay,

b=k whereasaq = & = Kk__kk —} 11
Vick Vick Vick

* This greater amount of air is what led flue gas analysis to see the oxygen content present
in the flue gas.

+ Excess air will lead to an increase in losses due to flue gas Q2 that reducing boiler
efficiency.

* The determination of the amount of excess air is calculated based on the measurement
of the flue gas oxygen content.

Dry oxygen — Wet oxygen

Wet oxygen: is determined when the sensor of
Dry oxygen: D?tem'li"c_d when the me_asuring dc}*'i‘-'c the measuring device is in direct contact with the
draws flue gas into the 1n§tmment. This ﬂue gas is actual flue gas and gives results. The %
passed through the filtration and separation equipment i T o
system before coming into contact with sensors that comp()t‘»l e We_ SRR e O
determine the content. The % composition of dry determined by moisture flue gas. Most
oxygen is therefore determined by dry flue gas. Most  measuring devices are permanently installed at

portable measuring devices used for flue gas analysis e factory to control the combustion process as

tesult indryoxygen. a result of wet oxygen.

Vo2
Vichoi kho

%Ok = Voz Voz

%035 = =
Vinsism ~ Vienoi kno + Vizo
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Dry oxygen — Wet oxygen B i el

- L
From dry oxygen calculates the coefficient of excess air and wet oxygen | From wet oxygen, caleulate the coefficient of excess air and dry oxygen

' 3 o B0 Vihss
T (0,2095 — %OFTIV,

Excess air ratio e 908" Vihai xna | Excess air ratio
(02095 — %03 Vg
Excess air coefficient =i = W02 Vinai kna |

(0,2095 — %OFEYWE,

it 10
Iy . WO Vinii

Excess mir coefficient = 202 Vkhdifm
(0.2095 — %07 VY,

Dry/wet oxvgen ratio %OF Voo o+ Vit A

WOFT Visisen + Vi A

i Dry/wet oxygen ratio

|
khé 0 0 2 |
02" Vinsigm + Vid

it L]
%07 Viensi kms + Viered

YOF™ (Vinat s + VikA)

Venst s+ Vi d

Wet oxygen %0}_""' L | %Ozk’la(v&dr ins Vf;,ﬂ) ‘

Dry oxygen ahOkNe =
5 )
Vst gm + Vi A L :

In some documents, the excess air coefficient is calculated using the simple formula below without determining
whether the measured oxygen is dry or wet. The result of the calculation therefore has certain deviations

—Vik _ _%0:

TV 21-%0;

The amount of flue gas and the amount of flue gas loss
« Actual Flue gas
Ve sikhe = V0 khaikho + VI ke
Ve i g = VO ki gm + V2 4y
* Heat loss due to Flue gas
Q2 = (Iknsi — Vier (€t)jeper (100 — q4) (kJ/kg nhién li¢u)

4y = Q2 _ Ukensi=Viee(c)ic1 (100~ 4) o

27 QP o

| Deseipton | Calculationformula |
lroz = Vioo(c)noz

Enthalpy of the N2 component Bis= Vot

s = Viaoethuso

Enthalpy of air I = V& (€O)ik

Enthalpy of theoretical dry flue gas composition ffc'hﬂ wha = Iroz Hnz

Enthalpy of moist flue gas composition Ionei = Inoz Hnz Hazo
Enthalpy of dry flue gas (with excess air) Tindixnb=Tanstans -+ (00— Bk
Enthalpy of flue gas with excess air Iongi = Iingi + (@ — Dl +0.0402(a — Dz




Table of specific heat capacity of flue gas components

g2

T

129,95
261,24
394,89
531,20
670,90
813,36
958,86

1090,56
1256,94
1408,70
1562,55
1718,16
1874,86

2032,52
219168
2351,68
2512,26
2674,26
2836,32
3000,00
3163,02
3327,50
3452,08
3658.08

170,02

357,46

558,81

771,83

994,35
1224,66
1431,07
1704,88
1952,28
2203,50
2458,39
2716,56
2976,74
3239,04
3503,10
3768,80
4035,31
4304,70
4573,98
4814,20
5115,39
5386,48
5658,46
5930.40

T T Ty [ ey

129,58 151,02 81,0
259,92 304,46 169,82
392,01 462,72 264,0
526,52 626,16 360,0
683,80 794,85 458,0
804,12 968,88 560,0
947,52 1148,84 662,5
1093,60 1334,40 768,0
1235,84 1526,13 825,0
1391,70 1722,90 985,0
1512,74 1925,11 1092,0
1697,16 2132,28 1212,0
1852,76 2343,64 1360,0
2028,72 2559,20 1585,0
2166,00 2773,05 17380
232448 3001,76 1880,0
2484,04 23229,32 2065,0
2643,66 3458,34 2185,0
2804,02 3690,57 23850
2965,00 3925,60 25140
3127,32 4163,04 2640,0
3289,22 4401,98 2762,0
3452,30 4643,47 -
3615.36 4887.60

The process of determining exhaust flue gas losses on excel tools

Table 2. Calculation of the moisture content of the air

Table 1. Fuel P by mass %

Fuel composition Symbol |Unit Value
Carbon Clv L. 3581
Hydrogen Hiw % 383
Nitrogen Niv % 0.4
Sulfur Stv 9% 0.04
Oxygen Oly % 30,31
Humidity W % 29.46
Ashes A % 0.15
Total % 100.00
Low heating value working
sample Q" Kl/kg 12150

Enter the analyzed fuel specifications according

to table 1 here

Fuel compasition Symbaol Il.lnl‘l Value ]
Diry bulb temperature Tdb ol 30
Wet bulb temperature Twh |50
Relative humidity Rhm |54 76
Atrnospheric pressure pa 101300
Calculation factor Saturation] €1 610.7
Calculation factor Saturation C2 44.445
Calculation factor Saturation| C3 1.4131
Calculation factor Saturation c4 0.02763
Caleulation factor Saturation] €9 0.00026
Calculation factor Saturation Ce 2.9E-06
Saturation pressure of Ps\WhTdb
water vapor at dry bulb
temperature (Tdb) Pa 4241.511
Water vapor partial pressure | PpWvA
in humid alr Pa 3223.548
Humidity indry alr MFIWDA | kg/kg 0.0204
Humidity in dry alr |alke 20,44

The determination of moisture content can be indifferent ways.

Ability to use app ! Calculator of Air

* Table 2 for determining the moisture content of

ambient air




The process of determining exhaust flue gas losses on excel tools

Table 3. Calculati

of the products of theoretical combustion of fuel

Types of products

Values in Nll’fkg of fuel

Symbol Unit Equation Value
Stoichiometric Air g Nm'kgoffuel  |V?,, =0,0889(C +0,3755 ) + 0,265H~ 0,0330 3.20
Air moisture content d Nm}."kg of fuel Lay 56 liéu tir bang 2 20.44
Water vapor in Flue gas due to Hydrogen Fuel VgH:OI Nm'/kg of fuel 0.111*H 0.43
Water vapor formed due to moisture from fuel |7 ;1,52 Nm'/kg of fuel 0.0124%W 0.37
Water vapor formed by moisture from the air |V 1,03 Nm’/kg of fuel 0.00161%d*V" 0.11
Theoretical steam in Flue gas ;A Nm'/kgoffuel  [V'po=0.111H + 0.0124W + 0.00161d77 ,, 0.90
Theoretical nitrogen in Flue gas Whis Nor'/kg of fuel V=079 %5, +0.008NV 253
Theoretical CO2 Pison N /kg of fuel 0.01866C 0.668
SO2 theory Piss Nm'/kg of fuel  |0.007S 0.000
RO2 theory Vi Nm'/kgoffuel |V, =0.01866(C+0.375S) 0.6685
Theoretical dry Flue gas V), b ES .\'uljlkg of fuel \-‘nmm = \,ax] - 3 \-‘DRm 3.1993
Theoretical Flue gas VP ot b N /kg of fuel VY st ion= Vissisns + Voo 4,0951
* Table 3 will automatically calculate the theoretical volumetric
components of air and flue gas components
The process of determining exhaust flue gas losses on excel tools
Table 4. From wet oxygen, calculate the coefficient of excess air and dry oxygen
Description Symbol Unit Equation Value
Wet oxygen it - Egiery SRS
= 0; Bo duge bing sensor tiép xiic trire tiép voi kKhoi 0.1335
Denominator . {0.2095 - 0,1V, 0.24
excess air ratio PR il T T
' s = © (02095 — 0" )VE, 2.25
Coefficient of ex i o= O3 Vit m +1
“oefficient of excess air o ) (0.2095 — 07 V3, 838
Numerator _ . Vi 2V 11.29
Denominator - - V¥ st ing FV 40 10.39
i ; O™ _ Viewss sm + Vi A
Dry/wet oxygen ratio . OFF = U8 e ¥ VA 1.09
Dry oxygen 0,7 g 0.14501

* Table 4 is used to determine the excess air coefficient when the measured oxygen
value is wet oxygen. Can be converted to dry oxygen if needed
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Table 5. Knowing dry oxygen calculates the coefficient of excess air and wet oxygen
Description Symbol Unit E i Value
Dry oxygen 0" - Do duge bing cach hiit khioi vao thiét b do (1esto) 0.145
Denominatar 4 {0.2085- 0™V’ 0.21
- ; WOV 1 sons
excess air ratio i . A= (—n.zoqs = %O;‘N")V&, 295
ko0
Coefficient of excess air o = M +1
a < (0,2095 - %08")WS, 3.25
Numerator o e
= s Vit #2V 11.28
Denominator - - VP nsiins PV R 10.39
I . O Vo im + Vil A
Dry/wet oxygen ratio . o Vihar kns + VA 1.09
Wet oxygen 0, _ -
* Table 5 determines the coefficient of excess air when dry oxygen is known.
Can be converted to wet oxygen if needed.
The process of determining exhaust flue gas losses on excel tools
Table 6. Calculation of the products of actual combustion
Types of products Values in .\'mafkg of fuel
Symbol | Unit Equation Value
Excess air phe. Nm'/kg of fuel T 7.1923
Moisture in excess air P Nm'kgoffuel  |P%™@ . =0 00161%a*r™ ., 0.2367
Total actual Flue gas moisture %5 Nw'kgoffuel |y =y, 4yt 1.1325
Actual air =, Nw'kgoffuel  |¥™, = ar’,, 10.3919
Actual dry Flue gas { s Nir'/kg of fuel i Vak,,é-lm ™ 10.3917
Actual Flue gas . 3 e s -
V™ ik Nm'/kgoffuel (V™ e =V paint Vg 11.2874

* Table 6: Automatic calculation of components of real smoke and real air supply

for combustion
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Table 7. Values (Ct) of the Flue gas composition by temperature
Temperature (Cthy [(C.theoz [(Ctha |(Cthzo |(Cthyo
oC wt:‘s kif m*tc |kif m®tc| kifm®tc | kikg

100 12995 | 17003 | 12958 | 151.02 | 810
200 261.24 | 357.46 | 25992 | 304.46 169.8

300 394.89 | 558.81 | 392.01 | 462.72 264

400 5312 | 771.88 | 52652 | 626.16 | 360

500 6709 | 99435 | 683.8 [ 794.85 458

600 813.36 | 122466 | 804.12 | 968.88 560
700 958.86 | 1431.07 | 947.52 | 1148.84 | 662.5

800 1090.56 | 1704.88 | 1093.6 | 13344 768

900 1256.94 | 1952.28 |1239.84| 1526.13 | 825

1000 1408.7 | 22035 | 13917 | 17229 985

* Table 7. Ct parameters can be looked up by temperature to determine Enthalpy exhaust smoke
components. Interpolation requirements for cases of uneven temperature.

The process of determining exhaust flue gas losses on excel tools

Table 8. Calcul of heat loss due to Flue gas
Deseription Symibol Unit Equation Air RO2 N2 H20
Flue gas compasition Ul ‘.\’m:'fk; of fuel calculated above (airis the excess alr) 7.19 | 06685 253 113
Flue gas temperature i s ‘'t Measured 9000 90.00 90.00 90.00
[Ct)e (specific heatx temp ] [CH) compore K Cim’le From table ™ 11696 | 153.03| 11662 | 13592
Enthalpy Flue gas components [— klfkg of fuel 1=V(Ci) £41.1795025| 102.2977| 295.1533| 153.924
Total Flue gas Enthalpy T Kiikg of fuel 1chol thyfc = 1 khéng khi +| RO2 +IN2 + | H20 1392.554497
Inlet air temperature  iiout s b ¢ Do dugc 0
(Ct)air intet (Gt it | *Cimite Tra bng 3899
Total air inlet Vinputar Nin’/kg of fiel calcutated above (alr is actual total ais Input) 10.33
Enthatpy Alrinfet bt ik of fuel 1=V(Cy 405.1281118
Losses due to exhaust fumes a2 kifkg of fuel Q2= (Tinge = Vier () (100 = ) 987.426385
Q2 _ (enis—Vieklethua(100-q4)
Losses due to exhaust fumes a2 % q: = E{F = o 8.126966131

Table 8 calculates heat loss due to exhaust fumes. (Request to look up information and
interpolate the values (Ct) of exhaust smoke components from table




Determination of other losses

Y

* Heat loss due to incomplete combustion of chemistry (CO formation loss) g3

o i
.« ga= 12600.60"’”*@“% %

* Heat loss due to mechanically incomplete combustion (Unburned carbon loss) q4(%)

* G G G
grate, %

*a,a,,q
the grate

326| a, L +a, Gy +a, G ) g
“100-C. " "100-C,  100-C,

44 = =
QI-’

is the percentage of carbon in slag, fly ash and penetrate through the

is the ratio of ash of fuel distributed by slag, fly ash and penetrate through

Determination of other losses by Excel tool

Combustion method Penetrate through

lag, Fly ash,
slag, a, y ash, a,, ratein,

0,75- 0,85 0,20-0,10 0,05
0,75 -0,85 0,20-0,10 0,05

: 0,65-0,75 0,30-0,20 0,05
mechanism
0,50-0,60 0,50-0,40 -
0,10-0,20 0,90-0,80 -

Notes:

& When choosing in the table need to meet the condition a + a, +a,= I

- For oil-fired and gas-fired boilers, g, = 0.

Heat loss due to radiation and convection to the surrounding environment g

O35 can be determined by measuring the surface temperature and making calculations as presented in the
main lecture. Or we can look up the graph in case of rated load. When the operating load is less than the
rated power, ¢5 increases and is determined by ;‘}g_ formula:

qs =4s F %

Where D = Nominal load %
Dx = Operating load
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Graph of determination of heat loss to the surrounding environment

Determination of other losses by Excel tool

SpecTe heat Temperature, Specific heat | Temperature Spepifichent
T ture, °C y, kdlkg g p capacity, ki/kg
v o e capacity, kdikg °C c on
100] 0.805 800 0,957 1500 1,117
200 0,844 800 0,970 1600 1,117
300 0.876 1000 0.983 1700 1.214
400 0.900 1100 0.995 1800 1.214
500 0.915 1200 1.002 1900 1.254
600 0.833 1300 1.004 2000 1.254
700 0.954 1400 1113

* Heat loss due to slag carried out of the boiler q6
aAct,

qe = » o,
0 &

Where:
a, is the ratio of ash of fuel distributed by slag
t. is the temperature of the slag discharged from the furnace, °C

¢, is the specific heat of slag as determined according to the Table below, kJ/kg °C




Determination of other losses by Excel

tool

Heat loss due to CO formation g3
Description Symbol |Unit Value
Measured CO content COppm |ppm 300
Measured CO content CO% % 0.03
Theoretical dry Flue gas volume Vnmm m3tc/kg 3.20
Low heating value working sample Q" kilkg 12150
Heat loss due to CO formation g3 q3 % 0.1
Heat loss due to unburned carbon in Ash g4
Symbol |Unit Value
Description
The proportion of fly ash in the total amount of ash ab 9% 10
The rate of bottom slag discl d ax % 85
Percentage of penetration through grate
al % 5
Unburned carbon content in fly ash Ch % 15|
Unburned carbon content in bottom slag Cx % 1D|
Unburned carbon content in the penetration through grate |Cl % A0
Ash content in fuel Alv % 0.15
Heat losses due to mechanical incomplete fire Q4 kikg 711.13
Low heating value working sample 0 klikg 12150.00
Heat losses due to mechanical incomplete fire qd % 5.853
. o
Determination of other losses by Excel tool
Convection and radiation loss g5
Description Symbol |Unit Value
Boiler power at rated load D Tan hoith 10
The operating capacity of the furnace Dx Tan halfh 5
Losses due to Convection and radiation at nominal loads  |g5 9% 0.5
Losses due to Convection and radiation at operation loads |g5 L]
Ci ion and radiation loss g5 (tcalculated b p of surfaces)
Back Left
Symbol |Unit Front surface Right side
Description o surface | side gh
Ambient temperature ta ’c 30 30 30 30
Boiler shell temperature v °c 52,0 52.0 52.0 52.0
Area A m’ 19 19 18 18
Heat transfer coefficient H Wim’ 219.1 2191 219:1 219.1
The amount of heat on surfaces Q w 4,073 | 4073 3.948 3.948
Total boiler surface heat Qtotal kW 16
Fuel consumption B kg/h 667
Low heating value working sample Q" kI’kg 12,150
Total furnace grade heat Qe kW 2,251
Convection and radiation loss q5 q5 % 0.71




Determination of other losses by Excel tool

Boiler efficiency by direct method
Losses due to slag discharge ¥ seilfin ] L

Steam pressure P bar 10

Description Symbol [Unit Value Output of steam produced D Tan'h 10

Waste slag rate ax % g5| |Fuel B L 2.5

Ashcontent in fael Alv % 0.15 Low calorific value of fuel QN. kg 12150

Waste slag temperature = oC 600 Inlet water temperature tn ol 80

Waste slag specific heat Cx K/kgaC 0.933 i”‘:az"”““” '":; o :: :: z o 233;'?5‘;

ntha ysleam produced (tal tea 2

Heat?oss due to waste stg QE Klikg i The amount of useful heat generated Q1 kifh 24426200

Calorific value of fuel Q' ki/kg 12150 Input heat v Kih 30375000

Heat loss due to waste slag q6 % 0.01 Bailer effici ing to forward bal n % 80.4/

Hiéu suit 16 hai theo phitdng phap cén bing nghich (gian tiép)
Description Symbol |Unit Value

Loss due to flue gas q2 % 8.1
Loss due to CO formation q3 % 0.1
Loss due to unburned carbon in ash qd % 5.853
Convection and radiation loss q5 % 1
Slag discharge loss qb % 0.01
Boiler efficiency by indi h n % 84.91
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Section 10: Steam System Optimization — Wrap Up
* MEASUR Assessment Report
* Conclusions
* Tools & Resources
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Boiler Number 1 Boiler Number 2 Baoiler Number 3
Coal Heavy Fuel Oil {HFO} Matural Gas
T
=
* Blowdown Purchased

Electricity

v
| e domar Steam System

Site
electrical
demand

A
Discharge to sewer

Pakeup water

Process condensate

Turbine condensata
b

Indicates a flow
I meter installation
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15142t F
| Temperature HEAT | Mnss Plaw 1583 1
Boilnl Prossure. 07 car | Sp Enthalpy A4 2 kdkg
H 5 | Phas Liqiwd | 83, Entrapy 1478 kel
Yyl 7.97 tihr Wizt

20 the
442 Gt 10y

Example Steam
System

Process

>
70uhe  Usage
180 5 Gt

16,64 thr *

O
==)

0:7 s

123 i i

14275 thr Make-Lp
287 Uh "z":”c'
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Example Steam System
COST SUMMARY
Power Balance
Genaration 1,048 2 W
Demand 5.048.2 kW
it it MARGINAL STEAM COST
Unit Cost £0.10 iy
Total $iyr 54,380,000 o . o
High Fressure St
Baller 504.12 Gnr Medium Prasaure
Total Siyr 5110402 099 LWW

Flow 1.22 m@fmin
540,367 2 m*
Uni Cost 50.66 fm*
Total Siyr 5422 638

5115204737
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Example Steam System — Summary Report
i Steam Example e
Q Last Mol G AM | Print |
Exccutive Summary | Ensegy Summary | Losses | Diagram | Report Graphs | Inpid Summary  Fachty nfo  Sankay
Blowdowm
Reduce Condensate Condensate Condensing
Bassline i Enweay Steam Leak Insutation Steam Dermand o it HP-LP Turbife: e
Recovary
Pecent Savings (%) = == = = ==
— — A — - p———
Power Cost (S} 4,380,000 4,380,000 4,380,000 4,380,000 4,380 0006 4,380,000 4320000 4,380,000 3505818 8212200
‘Siilings — a o a 0 0 ) [ 74 202 iz 300
Fliet Cast ($iy1) 110,402 005 108 238 628 40, 574, 186 11453680, 110,303,848 10 508157 10,252 531 107, 542 808 111 465 512 108,566,450
Savings — 1,162 471 1827533 24,408 98,281 803941 149,558 2.550.491 1093413 3,845,600
Make p Watar Cost {$y7) 422,630 34310 411,93 422.551 422,250 119,006 405576 423173 426,292 421,043
Savings. — ELEL 8701 s 383 3542 18,983 -535 <3953 15Ew
Annus Cost (31 15,204,757 N 3,087 113,368,104 115,183,243 115,106,068 114,307,254 15,038,207 12,545,751 115,427 422 12,189,738
Annual Savings 15} — 1,199,750 1BIEAID #A%a 08565 807483 166,531 2,558,056 S 3014990
Imptamentation Cozt — — - = e = At = 2 —
Paybieck Fara fmanis] — — — — — - — — - —
Moy High
MoEfy Hign to AdljusL Adjust
Salacted Enargy Projocts. - Adjust Bailer Addjust Boiler Adjust Stearn e Ad.u:lu!ltunl & i u zmuur;:;
Steam Turbina D " Handing Handling Staam Turbing
Modifications - Baikar Boller Hearer Header Header Hpader Header Turbine Turting
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Example Steam System — Sankey Plot

Steam Example

Litwt Mcarfied 11322, =30 A

Exascutive Summary  Enargy Summary

Eaasline

Cost Savings: SO0y

Lossas

Diagram | Raport Graphs.

* Other Losses
include:

Input Surmmiary

Faciity Infa

Sankey

High Pressure Header. Medium Pressure Header, Low Pressure Header, C

Tank

Srack Loss 18.0%

Other Losses 5,44

Blowdown Loss 1.5%
Turbine Losaas 2.1%

Unjgitrriad Condensate 8.8%

Went, ©

ine Genaration 1,.4%

rred Condensate 15.1%

Print |

Flash
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Example Steam System — Summary Report

+5 Steam Example 5
@ Lant Mttt 01352, 138 AM pn nt Report x
Executive Sumenary | Ensrgy Summary  Lodsss
. Select all report tems you would like to include 1n your
printed report
Bassling :’:ﬂ‘:"’x HP-LP Turbing m’:"“
7 SelactAll
Percent Savings (%) - & Executive Summary _
[ Energy Summary & -~
Power Cost (S| 2380 LoD = = 4380000 IA05618 & 212,700
Savings = [ Report Graphs o 874,302 B2 200
Fusl Cont 3y} 10,402, 000 107 847 608 111,485,512 1018 G2, 400
Savings . - & Report Sankey 2559481 00313 3845 GO
Make-up Water Cost {yr) 422638 ) 423772 406,292 421,048
Saviigs: — [~ Rapaort Diagram B35 =3.853 1.589°
Annual Cost {5} 145,204,737 B 112,645,781 MEAZT 422 IlZ.?Bﬂ,YJU
Annisal Laumga (5} — [ Losses Summary 2458 048 -220 a5 3,014,690
Impismentation Cost e — - —
Faunack fetord (mecihe) = [ Input Summary = - -
Aduus ettt
Selacied Enargy Projects - Condansata
Condensing
- Cancel Handling Py
Mositications — [ Tuiatsine. Turtine
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mimicm Wime

operations ®  Boler

Example Steam

Generat Detas General Detaits .

— - Tl e CIET = System — Expert View

St Piweer rrpicxd (o Site Power import S F— n.—::::\l.l:l?w»—p daning

Make-up Water Temperature (30 NMake.up Walsr Temperstwe [ =]

Exsityicaes bi - poetion Energy Costs for Opasation - * Be very careful

Fuel 3 Fusl (26 |

Eaecticty [&1 Eiectricity I3 i

S Wt Gt i L [ 5 i . AIIo'w.s.maX|mum.

Garton Emissions From Fuel Carbon Emissions From Fost flexibility to modify
e —= e = S

By o sl Sl v L z all conditions

e i e Rl o o * Costof

Carbon Emsssions From Eleciricity Caron Emissions From Elecicily implementation— no

Tip code |sooan Zip code | po@0g

BGRID Subrsgion e Sutwagion U5, Average check for accura cy

Total Emission Output Rate [a617 Total Emissian Cutput Rats |31 o7

Implementation Cost [ )

Section_10_8




< Global @
«Gateway

MINISTRY OF [— UNTED NATIONS
INDUSTRY AND TRADE the Eurgpean Unios INDUSTRIAL DEVELOPVENT ORGANIZATION

Example Steam System — Summary Report

Steam Example =
Il Wil 442, B3I AM | Print |
Executive Summary | Energy Summary | Losses | Diagiar | Repad Graghs  Input Summary — Facdily Info Sankey
Bowdown
Reduce Condensate Condensate Condensing
Baseline B i Evergy Stwann Leak Insukation Steam Dermand Retutn g HP-LP Turbine Tarking
Recovery
Parcant Savings (%) — - - = =
e — — s - i
Power Cost {Shyr} 2,380,000 4.3680,000 4380.000 4,280,000 4330.000 4:380,000 4 380,000 380,000 3505618 8212200
Savinga - a a a o a o o B4 302 BI2 300
Fuel Cost {$yr) 110,402,003 100,230,628 1DH 574,106 110,380,590 110,303 818 108 508, 157 D2 534 107,942 608 111,408,512 106 528, 450
Savings -_ taszan 1,427 533 2409 a2 aO3541 148 568 2 B5E4a1 1,092,413 3645 806
Make-up Waler Cost {Siyr) 423 838 ECPETL] 413,838 422 444 422,280 419,005 405 876 LR e 426 Fz 421048
Bwings - FEENT a7 113 388 3542 18 0e3 514 SR 1450
Annual Cost (§) 115,204,737 114,013,947 3,368,904 15,183,243 115,106,060 114,307,254 5,638,207 112,645,787 115,437,422 112,189,739
5 — 1,190,790 1,836,633 EAELT) 866 B0 A3 168,531 2558050 222505 2,014,999
Paybiick Period fmonins] = = = == == = = = = =
Mudiry High
Moty High to Acpust Adjust
Selected Endray Projects = AGMELEGIY AWMU OMUMISST  Lowpressure, | AINEEBEN.  oopgeusan Candensate Sl
Stearn Turtum AR Handling Handling pelpsdicsod
Staam Turbing
Moiifications - Holler Bodler Header Header Hader Header Header Tushing Turbine
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Key Points / Action Items - Fundamentals

1. Use a Systems Approach to optimize steam systems

2. There are four major areas of a steam system — Generation, Distribution, End-
Use & Recovery

3. An understanding of the laws of thermodynamics, heat transfer, fluid flow and
steam properties is required for a steam system analysis

4. Use a systematic approach (gap analysis, comparison to BestPractices) to
identify potential energy saving opportunities that may exist in steam systems

Section_10_11

& ugm ®
" Gateway-

i (TED NATORS
mu.smmmz e Bl i NUETRA SEVELOPVENT CRGANZATON

Key Points / Action Items — Boiler Efficiency

1. Determine boiler plant operating cost
2. Determine unit cost of steam generation

3. Determine boiler operating efficiency
?? = m.mmm {h.mwm hrm-dwrg-rj
hoiler m[ . HHVJhrI

4. There are three major losses in steam generation — shell loss, blowdown loss

and stack loss

=100

Thaiter =100 = Ay = Aytpstonn = Atack = Aoiher
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Key Points / Action Items — Shell Loss

1. Search for “hot spots”
2. Measure boiler surface temperatures

* Infrared thermography

* Typical surface temperature should range between 55°C and 70°C
3. Repair refractory

4. Monitor surface cladding integrity

5. Reduced boiler load can present an opportunity
= Minimize number of operating boilers
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Key Points / Action Items — Blowdown Loss

1. Estimate amount of blowdown using boiler and feedwater conductivities
2. Quantify the boiler and system-level energy loss due to blowdown

3. Evaluate installation of an automatic blowdown controller

4. Evaluate and install flash steam and heat recovery equipment

5. Work closely with plant’s water chemists to maintain and manage appropriate
blowdown
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Key Points / Action Items — Stack Loss

1. Monitor and record flue gas temperature with respect to:

* Boiler load
*  Ambient temperature
*  Flue gas oxygen content

2. Compare flue gas temperature to previous, similar operating conditions
3. Maintain appropriate fire-side cleaning
4, Maintain appropriate water chemistry

5. Evaluate heat recovery component savings potential
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Key Points / Action Items — Stack Loss

1. Combustion management principles:
*  Add enough oxygen to react all of the fuel
*  Minimize the amount of extra air
*  Monitor combustibles to identify problems

2. Measure the oxygen content of boiler exhaust gas

3. Control oxygen content within a minimum and maximum range
= Continuous - automatic O, trim control
= Positioning control

4. Challenge the control range
= Control upgrade
= Combustion tuning
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Key Points / Action Items — Boiler Plant Optimization

1. Use a steam system model based on the laws of thermodynamics to quantify
energy and cost savings opportunities

2. Fuel switching and boiler plant operations are excellent areas for optimization
of steam systems — significant cost savings can be realized by applying optimal
operating strategies

3. Each application will need an independent evaluation — there are NO thumb
rules!
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Key Points / Action Items — Leaks

1. Steam leaks occur in all plants and a continuous improvement type steam leak
management program should be implemented in industrial plants

2. An “order of magnitude” steam loss estimate can provide enough information
to determine if the repair must be made immediately, during a future
shutdown, or online
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Key Points / Action Items - Insulation

1. There are several reasons for damaged or missing insulation

. These areas result in significant energy losses and a continuous improvement

type insulation appraisal (audit) program should be implemented in industrial
plants

3. Some basic instruments, heat transfer models and process data are required to
guantify the economic impact of missing or damaged insulation
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Key Points / Action Items — End Use

1. There are several end-uses of steam in industrial plants

2. Do a steam end-use halance in an industrial plant and identify the largest steam
end-users in a plant

3. Reduce steam end-use by

Improving the efficiency of the process

-

Shifting steam demand to a waste heat source or lower pressure steam available in the plant
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Key Points / Action Items — Process/Utility Integration

1. Upgrade low pressure (or waste) steam to supply process demands
2. Several plants need heating and cooling for process

3. Process integration can lead to significant energy savings opportunities and
plant optimization

4. These opportunities will need significantly higher amounts of due-diligence
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Key Points / Action Items — Steam Traps

1. There are different kinds of steam traps and hence, functionality and principles of
operation must be understood

2. Major steam trap failure modes - open / closed

3. An effective steam trap management program must be in place

4. There are several commercially available tools for steam trap investigations

5. Conduct a steam trap audit at least once a year and repair/replace defective traps

6. Steam trap manufacturers are a valuable resource
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Key Points / Action Items — Condensate Recovery

1. Returning condensate
*  Reduces energy
*  Reduces make-up water
. Reduces chemicals for water treatment
*  Reduces quenching water
May reduce blowdown

2. Condensate recovery is often neglected but it can provide significant energy
savings

3. Quantify the amount of condensate being recovered in a plant using a simple
mass balance on the entire steam system

4. Identify potential areas of condensate recovery
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Key Points / Action Items — Backpressure Turbines
1. Backpressure turbines are used instead of pressure letdown stations

2. Turbine efficiency is NOT 1¢t law efficiency but a comparison of actual turbine
versus an ideal turbine

3. Continuous operations with a simultaneous thermal and electric demand are
good candidates for backpressure turbines

4. Each facility analysis is unique and will depend on several economic as well as
operating factors

5. Turbine analysis will need a solid thermodynamic steam system model
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Key Points / Action Items — Condensing Turbines

1. Condensing turbines are used strictly for power generation or driving large
mechanical equipment

2. They serve niche applications in the industry
3. Condensing turbines provide maximum shaft power per unit of steam flow

4. Each facility analysis is unique and will depend on several economic as well as
operating factors

5. Turbine analysis will need a solid thermodynamic steam system model
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Tools & Resources

Section_10_26




* Global G
e G ateway-
MINISTRY OF by

UMITED NATIORE

INDUSTRY AND TRADE B Ul NOUSTRAL DEVELOPUENT ORGARZATION
Tools
* In order to properly evaluate steam systems the physics of each process must be
understood

*  Thermodynamics
*  Heat transfer
*  Fluid flow

= UNIDO Steam System Optimization 2-day EndUser Training Manual

* US DOE Tools Suite
*  Steam System Survey Guide
*  Steam System Scoping Tool (SS5T)
*  MEASUR (Desktop & Online versions)
* Insulation evaluation software — 3E-Plus {Desktop & Online versions)

* Several other commercially available software tools for steam systems

¢ Process measurements
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Enengy Eficiancy & Whe re tO go for the
Ririewee oy Wekcome fo the most eficisnt way io manage and oplimize your faciities’ systems and squipment. Too I s
Bl echebynipd +  US DOE website for

é! downloading -

e https://www.energy.go
> v/eere/amo/measur

*  Online version -
http://measur.ornl.gov
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B Office of ENERGY EFFICIENCY
ENERGY ;rRENEWABLE ENERGY

EERE Publication and Product Library

EERE » EERE Pubilication and Product Library

P Weltore to the EERE Putibcation and Product Library, This ibrary Technical Publications
will allow you to find publications and products provided by ihe Feature

Arvanced Search DOE's Office of Energy Efficency and Renewabls Energy To halp S
satve you batter, 1his database will allow you o E""w_ SR TioN oot o & Resou rces

Hrowse by Topk on Saving Money & e
= Search for publications and products Energy at Home - T

Heail Requests » Downinad or view publications onlme
= Requsst a copy o bs mailed to you

= il | *  http://www.energy.g
Search the Library ov/eere/publications

iSaarchng T, Duscrphan F4ename ind Kepwesds)

Advanced Search Browse by Topic

Most Popular Latest Additions
-y ulde 1o R b Industrisl Decarbonization of Enargy Intenmive
- Energy 43 Sectors
Lean how installing residential rancwatia industrial Decarbonization is the ghasing out af
anergy systams, such &5 geathermal heat atmosphecic grasnhouss gas (GH) emssians from
pumps and wind or solar energy systems. can save all nspects of the indusirial sector There are 8 number
snergy, |ower usiey bills, and am homeavwners at indussnial dacarbonization sirategias. ncl Ce
MONEY. THis lack 1 Dot Suesivan & Bravn paamass § Share
L. Ve L] Vhow Mottt
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Training Manual

2- Day End-User Industrial Steam

| timizati SO) Traini .
System Optimization (S50) Training | 3_pay End-User Industrial Steam System

Optimization (SSO) Training Manual

Developed by:

Riyaz Papar, I.E.. CEM, Fellow — ASME, ASHRAE

C2A Sustainable Solutions, USA * Developed by UNIDO

LINIDO International Energy Expert (Steam) L.
* Text-book for the 2-day SSO training

Greg Harrell. Ph.D.. P.E,
Milligan University, USA
UNIDO International Energy Expert (Steam)

Developed for:
UNIDO Industrial Energy Efficiency Project
Vienna, Austria

January 2023
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Steam System Survey Guide

Steam System Survey Guide
* Technical Guide

G S * Covers 5 Areas:

*  Steam system profiling

* |dentifying steam properties
* Improving boiler operations

= Improving resource utilization
= Improving steam distribution
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Steam System Sourcebook

* Includes Three Main Sections:
= Steam System Basics
* Performance Improvement Opportunities
* Programs, Contacts, and Resources
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Steam Energy Tips

* 1- Page Tips For Improving Steam System
Areas

* Available On BestPractices Web Site and in
Steam Sourcebook
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* Benchmark the Fuel Cost of Steam Generation

» Clean Boiler Water-side Heat Transfer Surfaces

* Consider Installing a Condensing Economizer

» Consider Installing High-Pressure Boilers with Backpressure Turbine-Generators

» Consider Installing Turbulators on Two- and Three-Pass Firetube Boilers

* Consider Steam Turbine Drives for Rotating Equipment

» Considerations When Selecting a Condensing Economizer

Section_10_34




*. * 'l
0 « Global
*-Gateway-
MINISTRY OF

Wbt bty
INDUSTRY AND TRADE [y —

US DOE Tip Sheets (cont.)

Cover Heated, Open Vessels

* Deaerators in Industrial Steam Systems

* Flash High-Pressure Condensate to Regenerate Low-Pressure Steam
* Inspect and Repair Steam Traps

» |nstall an Automatic Blowdown Control System

* |Install Removable Insulation on Valves and Fittings

* |nsulate Steam Distribution and Condensate Return Lines

UMITED NATIORS
INDUSTRIAL CEVELOPVENT CRGAMIATION

Section_10_35

t"‘l
e + Global -
- «Gateway —
INDUSTRY AND TRADE The Esrsgman Unim

US DOE Tip Sheets (cont.)

* Improve Your Boiler's Combustion Efficiency

* Minimize Boiler Blowdown

* Minimize Boiler Short Cycling Losses

* Recover Heat from Boiler Blowdown

* Replace Pressure-Reducing Valves with Backpressure Turbogenerators

* Return Condensate to the Boiler

B
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US DOE Tip Sheets (cont.)

Upgrade Boilers with Energy-Efficient Burners
* Use Feedwater Economizers for Waste Heat Recovery
* Use Low Grade Waste Steam to Power Absorption Chillers

* Use Steam Jet Ejectors or Thermocompressors to Reduce Venting of Low-
Pressure Steam

* Use Vapor Recompression to Recover Low-Pressure Waste Steam

* Use a Vent Condenser to Recover Flash Steam Energy

Section_10_37

w
- . Gateway-

i (TED NATORS
INDUSTRY AND TRADE The Eurngaan Unien  NDUSTREAL SEVELOPUENT CRGANZATON

US DOE Technical Documents
* Improving Steam System Performance: A Sourcebook for Industry

* Achieve Steam System Excellence: Industrial Technologies Program BestPractices Steam
Overview Fact Sheet

= BestPractices Steam Technical Brief: Steam Pressure Reduction-Opportunities and Issues
= BestPractices Steam Technical Brief: How to Calculate the True Cost of Steam
= BestPractices Steam Technical Brief; Industrial Heat Pumps for Steam and Fuel Savings

* BestPractices Steam Technical Brief: Industrial Steam System Heat-Transfer Solutions
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US DOE Technical Documents (cont.)

* BestPractices Steam Technical Brief: Industrial Steam System Process-Control
Schemes

* Guide to Combined Heat and Power Systems for Boiler Owners and Operators

*  Guide to Low-Emission Boiler and Combustion Equipment Selection

* Review of Orifice Plate Steam Traps
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Course Evaluation & Feedback

Your input is greatly appreciated and it will be acted upon to refine
this training program as well as better tailor further complementary
technical assistance to be offered by the UNIDO project to industrial
plants and enterprises
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DISCLAIMER

This document was developed within the framework of the project “Accelerating energy
efficiency in large industries through energy management systems, system optimization
and the promotion and adoption of energy efficiency in small and medium-sized
enterprises (IEEP)", funded by the European Union (EU), managed by the Ministry of
Industry and Trade (MOIT), and implemented by the United Nations Industrial
Development Organization (UNIDO). The content of this document is the sole
responsibility of the Project and does not necessarily reflect the views of any individual
or organization.
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